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Corrosion-Resistance of Materials
in the Aggresaive Media of Chemaical Processes

C. Ya. Voroblyeva

Source: Korrosionnaya Stoykostt. Mterfalov (Z A~ressivnykh Sredakh
Khimicbeskikh Proitvodstv), Moscow, 1937, pages 111 end 74-159.

This-book is a collection of published data, partially supplemented by

experimental data of the author, on the properties and corrosion resistence

of the most widely used metallic and nonreztallic structural imterials and

protective coatings,

The book is intended as a reference aid for designers and engineering.

technical personnel of chemical plants and scientific research Institutes.
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7 FOREWORD

One of the important goals set forth by the party and goverunent is the

development of every phase of the chemical industry.

In c(nnection with this, special emphasis is placed on the development

of a vigorous chemical machine-construction industry, which will be called

upon to provide the country with equipment capable of withstanding various

aggressive media.

Along with metals, other materials will ba used widely as structural

materials and protective coatings. By 1970, for example, plastics will

make up an appreciable part of all the materials used in the construction of

chemical equipment.

The domestic literature is almost completely lacking in reference man-

uals containing data on the corrcsion resistance of mvntals and nonmetallic

waaterials.

In this book an attempt is made to fill this gap and to help the spec-

lalist in the selection of a corrosion-resistant material or protective

coating. Besides the descripticn of the corrosion properties of the materials

esoL wliely used In the chemica! industry, Information abou~t other properties

is included as well, The feasibility of using these raterials under variou3

cenditirw•s is also indicated.

The data Included in the tables of corrosion resistance are taken fro04

literature sources and partially supplonantcd by exporirental Invostiations

(as indicated in the foftnotes).



Each evaluation of the corrosion resistance of a metal, alloy or non-
metallic material is obtained as a result of the Sineralization of at least a

few concurrent data from different sources. The principal sources included

the most complete conterporary domestic and foreign handbooks of the corrosion

resistance of materials: Dyatlova, V. N., "Korrozionneya StoyLost' Metallov

I Splavov", 1964 ed.; Batrakov, V. P., "Korrozia Konstruktsitnnykh lMaterialov

v Agrossivnykh Sredakh", Oborongiz, 1952; IKorrozicrnnaya I Khimicheskaya Stoy.

kost' Materialov", Handbook edited by N. A. Dolleshalyc,, 1ashgiz, 1954;

Mantell, C. L., "Engineering Materials Handbook". London, 1958; Rittir, F.,

"Korrosionstabellen Metallischer und Nichtmetallischer Werkstoffe", 1952,

1956; Dechema Werkstoff-Tabellen, 3rd edition, 1953-1964, and also other

references listed in the bibliography.

When the evaluation of the corrosion resistance of a certain material

involves information from the literature which is inconsistent, this is

Indicated in a footnote to the appropriate table.

The author hopes that this book will be useful not only to designers and

technicians, but also to all these working in the area of the study of

corrosion processes.

INTRODUCrION

The equipment of most chemical processest is used under rigorous condi-

tions. It is subjected to the s&Iultancous Influence of a*gr.!s31vO modIuM,

high terporature, pressure, and also mechanical effects (Crinding, voarin3,

etc.). Under such conditions, vctals* are subjected to corrosion (dlsinte-

* Here and belo,t the term "anotal" refers to alloys as well as pure metals.

gration caused by an external medium) and, to a lessor degree, erosion



(disintegration caused only by mechanical action).

Corrosion may be either electrochemical (most prevalent) or chemical (for

example, the action of dry gases or liquid organic compounds on metals at high

temperatures, under which conditions the electrochemical processes cannot

occur because of the absence of active ions).

The classification of various types of corrosion is illustrated in Fig. 1.

Liquid corrosion occurring In electrolytic solutions is a form of electro-

chemical corrosion. Tha corrosion processes which take place in the atmos-

phere and the soil due to the presence of moisture are also classes as electro-

chemaical, although they differ in a number of details.

Legend for Fig. 1:

A - Classification of the corrosion of metals

B - By the kind of corrosion medium

C - By the nature of destruction

D - By the kind of process

Caseous corrosion, which occurs chiefly at high temporatures, is a form

of chemical corrosion. It is most frequently a result of the oxidation of

metals by oxygen. The rate of gaseous corrosion depends on the nature of the

metal, the type of process, and also the protective properties of the oxide

films which form on the r.etal. For Iron (steel), for example, the oxide layer

is protective up to a temporature of 375-600OC; at higher temperaturos it

becomos porous, losos its protective properties, and allol:s the rate of cor-

rosion of iron to increseo chnrp!y,

In addition to oxygoe, the following gises are vcry destructive to steel

-3-
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and non-ferrous metals at high temperatures: sulfur dioxide, hydrogen sul-

fide, hydrogen chloride, chlorine, hydrogen (under pressure) and others.

Chlorine and hydroini chloride are the most dangerous; as with other gases,

the intensity of their action depends on the properties of the motal and the

temperature of the reaction. Thus, dry chlorine corrodes steel at tempera.

tures above 200*C; hydrogen chloride above 3001 C; sulfur dioxide, sulfur

vapor, nitrogen dioxide -500'C; and hyr'rogen sulfide above 5000 C (at tem.

peratures below 500C hydrogen sulfide does not corrode ordinary steels).

The temperatures at which the same aggressive media act on non-ferrous

metals are different. Thus, chlorine causes coi.roslon of copper at tempera-

tures above 3 00'C and nickel above 540eC. Sulfur vapor and sulfur compounds,

especially hydrogen sulfide, begin to attack nickel at 300?C. Hydrogen

sulfide has a very strong effect on copper in the presence of atmozphorlc

oxygen, but sulfur dioxide begins ,o attack copper only at 700-900'C.

In the presence of water vapor, the gaseous corrosion of all metals is

increased sharply and the temperature litAts of their utilization in gaseous

media are loitered appreciably. Hydrogen is dangerous at high temperatures

and pressures (more than 100 atm) since it causes "hydrogeric corrosion" of

steel, resulting in its disintegration. It also causer the formation of

cracks (hydrogen brittleness) in copper and its alloys.

Dopendin.j on the ,oat•tre of the dcstr::c*Jon, .rrosior c~n be classifled

as follows:

"a) uniform; t'Ms occurs whion the ,.etal to sufficleatly thiol and th"

stre•ves (tension, conpr.-:.fon) are distrlbuted unlfornly. This tyre of

corrosion hf littlo effect on 11 ,-echanlcal srzcngth or a structure and It

evaluated by ulasurlng tho los of rass rcr unit are3 of v-:,tal or the depth



of corrosion of its surface;

b) non-uniform (in particular, local) corrosion (spots, Pits, holes and

2g_1nt corrosion) arises when the metal is not completely passive, when there

is non-uniform aeration of indentations, when there are different concentra-

tions of solution at different parts of the metal, when the machining of the

metal surface is non-uniform, etc. Thus, point corrosion occurs as a result

of the disturbance of isolated regions of the passifying layer, f,. example

at impurity sites. This type of corrosion is especially typical for chromium,

aluminum and chrome-nickel steels. Slit corrosion is a variety of local

corrosion which is characterized by the increased disintegration of a metal

under bearings, at sitoe of loose connections, in clearances, in threaded

joints, etc;

) selective corrosion is characteristic of brasses, in which one of the

components of the alloy (zinc) goes into solution (the phenomenon of dezinc-

Ing);

d) intererystalline corrosion occurs as a result of the disintegration

of the metal along grain boundaries, It propag&tes quickly into the interior

of the metal and leads to a sharp degradation of its mechanical properties.

Under these circumstances the failure of an Item may occur unexpectedly,

without any change in the external form of the metal.

Intercrystalline corrosion is Inherent in many metals; several of theiou

are especially susceptible to this form of corrosion when they sire in a

strosand condition.

There are qualitative and qaentitative mrthods for the evaluation of

corrosion.

The e'1t,'ti• r-thfn Include: exteranl inspoction of specinens of the

metal Afcor they hzvo boon acted upon by an &ggrosnvo medium; observation if
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the distribution of corrosion products on the surface of the metal, and also

noting changes in the solution (turbidity, change of color, appearance of cor-

rosion products in.ýthe form of sedimentation, etc.).

In addition to visual examination, more detailed qualitative information

is obtained by means of microscopic inspection of specimens subjected to

corrosion (especially Important for the detection of intercrystalline corrosion).

Indicator methods are also used. In this case a substance added to the cor-

rosion medium forms a color when it reacts with metal ions going into solution.

Quantitative methods for the evaluation of corrosion include: measure.

ment of the rate of the corrosion process by a weight or volume method; deter-

mination of th,- mechanical properties of the metal or other material after it

has bnen exposed to an aggressive medium; electrochemical measurements.

The volume method for the determination of corrosion rates is based on

the measurement of evolved or absorbed gases. For example, with the hydrogen

corrosion meter it Is possible to calculate the amount of metal which has

gone into solution frcii the volume of hydrogen evolved.

In the weight method, the mass difference is determined by weigUng

metal specimens before and after the corrosion tests (with corresponding

preliminary treatment of the samples).

In the case of uniform corrosion, a measure of the corrosion resistance

of a metal is the quantity of motal which goes into solution. This is deter.

mined either frow tiý* loss tf rmss of the sample, referred to unit surface

(. m . I cm ) and unit ttne (hr, diy, year), or from th, dtpth of corrosion

(ntmh/yr).

The weig'ht Inde~:, derign.ated by the letter XIn ecpressed In the units

-7.



,/(ml-hr) and Is calculated froo the formula

loss (or gain) rf mass

(surface of sample)(duration of test)

The deptý Index, sometimes called the ponetrabillty, is designated by

the letter P; it is expressed in units of mm/yr and is calculated from the

formula

8.76 K
P I

d

where P Is the loss in mnm/yr, determined by weighing the sa..ple before and

after thb ,.e-t, taad d is the density of the metal being tested (g/cmI).

A 5-point scale is used for the evaluation of the corrosion resistance

of metals by the mass method, whereos the depth index is rated on a 10-point

scale (COST 5272-50). The 5-point scale IF used more frequently, in accord-

ance with generally accepted practice for the evaluation of the eprrosion

resistance of metals in other countries. The difference consists of the

fact that the metal is usually considered to be unstable already when the

rate of corrosion is -reater than 3.0 tn/yr. The 5- and !O-point scales used

to evaluate the stabilities of metals are given in Table 1,

Legend for Table 1:

A - 5-piint scale; B 1 lO-poitt scalce; C - stability group

D - loss of mass, OI(m-hr); E - rate of corrosion, rm/yr;

F - very stable; C - stable; If - coiiaratively stable;

I - slightly stWHie; J - unstable; K - completely stable;

L - docroased stability.

Tho corrosion piocesses of nnnr-atalllc polyreric inatorials differ from

those of m-Atlta and their :ých:niasn h.•ve ne¢t yet bnoer studied sufficiently.
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C1 41.1cI~ b j rpyoLI CTOiR. CKOI1OCTI, KOPP031111r, rpytara CTOAKOCTH 11 1/A-•• C KOC1,11 1, • JM/.0,

FEawma CTOrlKIIiA <0, 10 1 XCODOnpLcuilO <0,001

CTOiAK;Irl
- ' CroAMPC 0,10-1,0 2 Becbma CTOk'- 0,001-0,005

//Cpaanuzic;ibiio 1,0--3,0 3 0,005--0,01

MCTOihC0dI M4anOCTOAi"061 3,0-10,0 4 CTO(1iii r 0,01-0,05
'r 1Hec'roixii >10 5 0,05-0.10

6 f1o0m11wCiiio 0,10-0,50
7 CTOflK11: - 0,50-I,0

8 Ma -wrii 1,0-5.0
9 J 5,0-10,0

10 tlecToi;:r1 > 10,0

Tablo 1, Classification of the stability of metals by 5- and 10-point
scales,

Thus, whereas the corrosion of ,.tfals occurs principally at the phase boundary

between the metal and the medimm|, the swelling and dissolving of a polymerlc

material under the influence of a corrosion nedium extends to the interior of

the material and depends on diffusion processes. In the latter case, the

determining factors are the nature of the material and the corrosive medium

(concentration, temperature, length of exposure, etc*). The action of chem-

Ical reagents on polynerIc rzterials may cause their destruction and lead to

a loss of their initial properties. The action of some media (concentrated

acids, strong oxidizers, etc.) causes rubbers to "age" gradually. That Is,

they lose their elasticity, harden and beome brittle. On the other hand,

under the Influence of other med'ia they swell, increasing in volume until

they dissolve, and their strength chnracteristics decrease sharply. Soma

media extract the binding or separating in-redients fron resin mixtures.

This in turn impairs other properties of the rosin, in particular its strength,

Agtressive media may ene r eq, nzd cvn-a:l to lose thir luster, bercomo

brittle, and crac' , This u:ny woa!cn the adhesion to the n-'tal to the point

vhere the fun• of r~terial scilrs off.

,,9-



The corrosion of materials of inorganic origilu involves a gradual dis-

integration under the influence of stresses. These stresses are caused by

the formation of new compounds of larger volume in the pores of these mater-

Ials or by the interaction of individual components with the medium (for

example, SiO2 with basus).

Chapter II

NONMEtALLIC CORROSION-RESISTANT MATERIALS

Nonmetallic, chemically-stable materials have been used widely in recent

years as corrosion-, .. istant structure1 materials and protective coatings-.

This makes it possible not only to conserve non-ferrous metals, exp,nsive

high.alloy steels and alloys, but also to carry out Industrial processes for

which metallic equipment is not suitable.

For example, at present nonmnatallic materials (mainly plastics) are used

for equipment construction in the USA and FRG (Federal Republic of Germany)

in the amounts of 21 and 16%, respectively (of the total amount of structural

materials used).

Along with plastics, there has been a large oxpansion of the use of

nonmetallic materials based on silicates, which are used to prepare glass

tub'ng and snartled and cerA|ic equipmots

All the nonmetallic corros3on-resistitnt iatorials can be divided into

two classes: materials of orgenic and Inorganic origin 2' 8 5 .

The selection of rnLerlals of the orgattic class, in contrast to tho

Inorganic class, is extrm:oly lcr-q &nd is grovin- continuously.

-10o
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Fig. 12 shows the classification of nonmetallic mnterials of organic

origin in schematic form,

A Z -plal

,I arKaCOe' Ha_ oceflok

N~n47~lb "1 /7J'ffI•h'b/C'

[ nonpfe~l;G- n.'iP? - Id U ln7ol

•UyMO ,p I •no I;~~i /7/O4U
I .f L n7rc,1/on/,,

Fig. 12. General classification of nonmetallic materials of organic
origin.

Legend for Fig. 12:

A * Nonmetallic materials of organic origin; B - Colored-iacque•"

materials; C - B•inding materials (cem~ents); D - Masterials based on

rubbers; E . Plastics; F - Non-plastic materials; G - Polymerization;

H . Polyconden~ation; I - Bituminous-aspF'altio; J - W/ood• pulp, tcceatod

and untreated; K - Carbon, treated and untreated; L - Graphitoplasts;

H . Graphite, treated and untreated.

On the basis of the variety of materials and properties available, the

extent of utilization and aignific~'nce, plastics ,•ccu,•y the n.ost importan:

;osl~ionl ar,'ong nonrmetallic corrosion-ressoistat r.•t~riais -' ., These arc

i~torlclo which are based on natur~al e- •ythietIc c.•p•uds and vhich c©an t'e

-11-



molded with the application of heat and pressure. They retain their molded

shape after cooling.

Depending on the method of preparation, plastics can be classified as

polymerization or polycondensation products.

Plastics are subdivided into thermoplastic and thermoreactive groups on

the basis of the type of polymeric compounds. Thermnoplastics contain high-

molecular.weight polymers or copolymers of linear strucLure (polyethylene,

polystyrene, polyvinyl chloride, etc.). Their composition also Includes

plasticizers and stabilizers. When thermoplastics are heated, they become

soft and plastic; when they are cooled, they return to the solid elastic

state and regain their original properties. Thermoreactive plastics contain

low-molecular-weight polymers* They harden tbi'ough the formation of polymers

with three-dimensional structures when they are heatcd or when they are ex-

posed to catalysts (phenolforialdehyde and carbaride resins) or hardeners

(epoxido resins, polysiloxanes, unsaturated esters).

When the temperature is increased, th•rnoreactive plastics also becomi

plastic at first. However, they undergo a transformation to a viscous state,

then harden, and finally becomie infusible and insoluble (due "o the formation

of a reticulated structure). They do not return to the plastic state.

Thormoroactive plastics differ in the typo of filler which is used to

give them specifled rochanicnl (strength) and othc•r propertles:

1. Powdered (wood flour, asbestos powder, quartz flour, etc.).

2. Fibrous (cotton flocs, asbestos fiber, glass fiber).

3. Lamollar (glass or cotton fabric).

4. Plastics with glass filler (fiber, fabric) with the ren'ral designs.

tion "fibenlast".

a12o



Polymerization Plastics

This category includes plastics obtained by polymerization and copoly-

verization 0 . Almost all the plastics of this group (except asbovinyl) are

thermoplastics. The characteristics and proportios of polymerization plas-

tics are listed in Table 27.

Legend for Table 27:

A - Properties2 B - Polylsobutylene PSG; C - Poli'!.thylene; D - high

pressure (low density); E - low pressure (high dcnsity); F - 2oly-

propylene; G - Polystyrene; H - block, I - cnmulsion; J - Folvmothyl-

mothacrylate:.(organic glass); K - Viniplast (polyvinyl chioride);

L - Fluoroplasts; H - Asbovinyl;

I - original monovers; 2 - GOST or TU (Translator's note: The symbols

appearing in this line and elsewhere throughout the book are standards

and specifications of various Soviet agencies); 3 - TU FhP; 4 - VTU

HKhP; 5 - MRTU; 6 - STU; 7 - TUI; 8 . VTU; 9 * FP; 10 - density,

g/cM3 ; II - specific resilience, kgf-cm/cm2 ; 12 - does not b;:eak;

13 - not less than; 14 - limit of strength, kgf/cm2 ; 15 - tension;

16 - compression; 17 - flexure; 18 . relative elongation at rupture, %;

19 - Brinell hardness, kgf/m 2 ; 20 - by Shore; 21 - Martens thermo-

stability, .'C; 22 - by Vicatr 23 - frost resistance, 'C; 24 - lover

than; 25 - softening temperature, OC; 26 - highnr than; 27 - thermal

conductivity, A x 104, cal/(cm.sec.-deg); 28 - coefficient of 'Anear

therval expansion, c x 106; 29 - rpecific volwio electrical resistenco,

ohm-cm; 30 - polym~er; 31 - electric strength, volt/fr-; 32 - dielec-

tric permeAbility (at 50 1lcrtz); 33 - tanacnt of anz!e of dilec'crlc

lonscs (at 50 1ortz); 34 W Uater cbsorptior ir 24 hr, %; 35 . tempera.

ture litit of utilizatiott, °C.

-13-
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Polvisobutylene is a rubber-like product with molecular weight from 2000

to 8C.000. It is obtained by the continuous polymerization of Isobutylone

with a BF3 catalyst at temeratures from - 80 to - 1000C in the presence of

liquid ethylene (refrigerant and solvent for the monomer). Polylsobtutylene

is resistant to moisture and weak acids and bases* It is soluble in hydro-

carbons and carbon disulfide ard insoluble in lower alcohols and complex

ethers. It is unstable to the action of sunlight and ultraviolet radiation

in the presence of atmospheric oxygen,

High-molecular-weight polyisobutylene is manufactured in four grades

(VTU 1655-54): P-85, P-118,, P-155, P-200; low-molecular-weight polyisobutylone

is designated P-20 (TU 1761.-54r). Grades P-200 and P-155 are used as corro-

sion-resistant material, filled with carbon black and graphite and ranufac-

tured, according to TU 2937-52, in the form of a sheet coating materiel, "PSG

brand sheet polylsobutylene". Polyisobutylene coatings may be used indepen-

dently for protection from corrosion or as impenetrable sublayers for various

kinds of coatings (at temperatures up to 100 0C). The great advantap of PSG

polylsobutylene is its good adhesion to metals (without annealing) with the

cements 88 or 88N. Sheet polyisobutylene is well-kno;7n abroad under the

trademark "opano1",

PolyethyleneII912 Is a thermoplastic polyner which is produced by the

polymerization of ethylene. The following polyethylenes are obtained, depend-

ing on the conditions: hi8h-pressure (PVD), low-pressuro (PHqD) and mýdiu::m-

prossure (PSD)e The difference in the r'cchanisn of polymorization of ethylene

under different pressures results fn the formation if polymers with dissinilar

structuros and properties,

IIIgh-pressure polyethylene is distinguishcd by lot: d-nnity; tVie dog' .n

-16.



of crystallinity amounts to -65V and the crystal size Is 190 A. Low-pressure

polyethylene is characterized by high density; the degree of crystallinity is

84-87% and the crystal size is 360 X. Medlum-prcssure polyethylene has In.

.reased density and crystallinity, amounting to 93%.

Polyethylene is highly resistant to a variety of aggressive media (acids,

bases, salt solutions and various organic liquids). At clevated temperatures

it swells and even dissolves in benzene, toluene, etc. It ages under the

influence of heat, ultraviolet radiation and atmospheric oxygen.

Several grades of high-pressure polyethylene are manufactuzed (according

to REUZj 6-05-889-64). The designation "P2" indicates that the r.arterial in

question is low-density polyethylene (0.92 g/cm3 nominally). The threa num-

bers following are ten tines the Index of fusion and the terminal 'tter

stands for the primary field of application. For example, P2030-K is low-

density polyethylene (PVD) which has index of fusion 3.0 g/l0 min and which

is designed for In.ulating conductors and general-purpose cables.

Low-pressure (I. e., high-density) polyethylene is ranufactured accord-

ing to YRTU 6.05.890-64 with the following designations, depending on the

subsequent method of fabrication: L - for casting under pressure; P -

compression molding; E - extrusion; V - blowing; N - dusting and fusing on

of proptective caatings. These letters follow the numbers showing ten times

the index of fusion. The it,.il designation "P4" strnds for high-dcnsity

polyethylene (0.94 g/cm3 ).

The characteristics of high. and low-pressure polyethylene are shoen in

Table 27. Polyethylenes have very good cngInecring propcrtles, and they may

be used to fabricate items by casting, extrusion and compression molding.

They cAn b• r, achlnvd and th.•y can bo cc!ieated an•l wclded readily.

-17-



The combination of ease of processing and high chemical stability makes

possible the widespread use of polyethylene in many breaches of technology*.

In the chemical industry this includes applications as a structural material

and also for the preparation of protective coatings.

Polyethylene is manufactured by many foreign companies under various

trade names, The names of several brands produced in various countries are

listed below:

England . . alcotene, polytene, telcotene

FRG . . . . . lupolene, hostalene, vestolene

Italy . . . * fertene, rotene

France . . . jastilene, lionitene

USA e . marlex, alatone

The selection and purpose of finished and semifinished polyethylene items

manufactured by domestic industries are shown in Table 28.

Legend for Table 28:

1 - cable polyethylene (high pressure); 2 - for insulating conductors,

cables, radio apparatus; 3 - packing material (composition of polyethyl-

ene with polylsobutylene); 4 - chenically stable packing and seals;

S - polyethylene films; 6 - electrically insulatinS packing and wrapping

material; 7 - hoses and tapes; 8 - polyethylene tape with adhesive

layer; 9 - for fastenin3 polyethylene filn.; 10 - shots and plates;

11 - electrically inrulatin- m:iterials; 12 - polyethylene pressure tub-

Ing (high-pressure polyethylene); 13 - for transporting aggrcx-ive

liquids; 14 - sane (low.pressure polyethylcn-); 15 . come; 16 - fit-

t'nos for ptp.s (hiLh-pressure polyethylence); 17 - sa:ma (low-pr's~ilre

polyethyleicz); 18 - bottles, vials, flask:. and othlr containersl
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19 -for storing and transporting aggressive liquids.
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Table 28. Selnýctlon of finished &nd semifinished polyethylene Items and
their purposes.

Poyrplene, like polyethylene, Is a thermoplastic polymer. It Is a

product of the polymerization of propylene. Polypro-yleno Is charticterize~l

by a high degree of crystallinity (951') and a higher m~elting point than

polyethylene (160-1700C). It Ni~s distinct ilverntagcse over puilycthylenei

hither strength, therm'al stability, ImpreiLaibility to &-r and vapor. resistanco

to oxid'ntion e~nd the ection of agc-re~sIve rodlo, Hou~c'ver, p'olypropylene has
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an appreciably lower frost resistance than polyethylene. In order to Increase

its fro.st resistance, polypropylene is modified by using other olefins. For

example, a copolymer of ethylene and propylene (SEP) has the same frost resis-

Lance as polyethylene.

The methods used to process polypropylene and polyethylene are znalogous,

but polypropylene Is somewhat harder to cement than polyethylene. Polypropyl-

ene may be used to make tub4 ng, parts of electrical and mechanical equlpment,

molded and cast items, and textiles. It cart also be used to make industrial

films and fibers which are very impermeable to -ases. Polypropylene is pro-

duced as a white powder, suitable for processing, and in granular foria

(colored aind uncolored. under five brands: IPP-l - for processing by casting

under pressure; PP-2 and PP-4 - for processing by the imeLhod of extrusion;

PP-3 and PP-5 - for compression molding.

As productton volumes increase, polypropylene will undoubtedly be used

more and more in anticorrosion technology. It is most well known abroad

under the name "Imoplene".

Polystyrene is a thermoplastXc polymer which Is produced by polymerizing

styrene. Polystyrenes cin be classified as block, st'spension or cmulsion,

depending or, the method of polymerization. It has high chemical stability

and excellent dielectric properties, but it has Inadecquate thermal stability

and Increascd brittleness under the Influence of Impact loads. Block and

suspension polystyrenes are readily processed by the itathods of coziprorsion

molding. pressure castIn- and extrusion. Emulsion polystyrene connor bo cast

under pressure very successfully. so It Is rost often csed for Maklng foam

articles and ja betii- blocks. When styrene is copolyrcrIze with other

mnoricir (for exnmplc, acrylonitrilo,ý(-rethyl styren-, etc.), the herr~il
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and znechani~a1 properties Of the polymer are improved a•ppreciably. The plas-

tics designated SN, SN-28 and SN-20, obtained by copolymerizing styrene with

acrylonitrile, belong to this category. Combining the copolymer SN-20 with

the nitrile rubbers SKN-26 and SKN-40 yields the plastic SN-P (stable), which

has improved mechanical properties. Combining polystyrene with SKN-18 rubber

gives a casting composition designated POID and shock-resistant polystyrene

for processing by extrusion and pressure casting.

The selection and uses of polystyrene and its copolymers are given in

Table 29. Polystyrene and its copolymars are marketed in other countries

under the following nafes: "sryron", "dylon", "karinox", "kralastic",

"cycolac", etc.

Legend for Table 29:

I - Block polystyrene (brands D and T); 2 - Polystyrene D, for making

parts for electrical equipment; polystyrene T, for various Industrial

products; 3 - Block polystyrene (rolled); 4 - For making electrically-

Ins.ulating items by compression molding and pressure casting; 5 - Block-

polystyrene plates; 6 * For mechanical fabrication of comiponents of

hlgh-frcquency apparatus; 7 - Emulsion polystyrene (brands A and B);

8 - For electrically-insulating industrial items end for general use;

polystyrene B, for making inticorrosion and tropic-stable items;

9 - Emulsion polystyrene (tbL-iAid C); 10 - For rtiking plastic foams;

11 - Granular emulsion polystyronz; 12 - For raking industrial and

houschold Iter;ms; 13 - Polystyrene filnt; 14 - For cable mnnufacture;

15 - Styrene copolyiners; 16 - For itcis vtith increased rechnnical

strength and resistance to petroleu:n ether, oils and sea vnter;

17 - Casting co-'esltinns of brands PK.,!), r2!-5, 18M)-10; IS - For
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items with increased mechanical strength and dielectric properties;

19 *Shock-resistant polystyrene of brands UPP-l and UPI'-2; 20 - For

the fabrication of Industrial items by extrusion and pressure casting.
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PolymethyIltethacrylato (organic glass) is a thermoplastic polymer which

is produced by polymerizing the methyl ester of methacrylic acid. It is man-

ufactured in the form of sheet glass (TU Mi~hP BU 23-53 and No. 26-54) and

compression-molding powder of brands L-I and L-2 (TU 35-KhP-299-61). Poly-

methylmethacrylate is characterized by high transparency and mechanical

strength, low density, and resistance to gasoline, oils and water. Organic

glass is used widely for making windows for aircraft and automobiles, for the

preparation of transparent models of experimental apparatus, for medical

devices and instrunents, watch crystals, etc.

Compression-molding polymethylmethacrylate powders are used to make

transparent items with increased stability (to oils, gasoline, alcohol, bases

and other chemical reagents). Examples are inspection and gage glasses and

other parts of control and measuring devices.

Pqlymethylmethacrylate is known abroad under the names "plexiglass" (USA,

FRG, GPR, France), "perspex" (England) and others.

In addition to the polymerization plastics already considered, there is

a special group which is made up of products of the polymorization of halogen

derivatives of ethylene. The simplest and most widely used representative of

this group is polyvinyl chloride.

Polyvinyl chloride is a thermoplastic polymer which is obtained by the

polymerization of vinyl chloride; that is, ethylene in which one of the

hydrogen atoms is replaced by cilorine.

If polyvinyl chloride powder is ccmbined with a stabll-cr and ri.stl-

cated therromechanically with heated rollers, the result is a widely known

solid w;•:tcrial knoin as "viniplast". Co::;bInIng polyvlinyl chlorido with
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plasticizer yields soft polyvinyl chloride masticated rubber.

Vintplast combines high stability in many aggressive media (acids, bases,

salt solutions, several organic solvents) with good physical-mechanical and

dielectric properties*

In this connection, viniplast is widely used as a construction .aterial

for making tubing, valves and couplers, small apparatus, tanks, etc., and

also for protective coatings.

The 'xie of viniplast is limited somewhat becnuse of Its low therrnial

stability (60-70 0 C) and insufficient frost resistance (from - 10 to - 200C).

Viniplast has good engineering properties: it is readily welded, cement-;

ed, molded, pressed, stamped, and adapts well to various kinds of mechanical

processing (cutting, milling, boring, etc.).

One of the well known copolyrmers of vinyl chloride is polyvinylideneŽ

chloride ("saran"), which contains >751. vinylidene chloride. Its physical-

mechanical properties and chemical stability are superior to those of vini..

plast. Saran is used for linings and for making corrosion-resistant tubing,

fittings, and single fibers.

Table 30 shows the variety of items and purposes of seniif•nis.hed products

produced from viniplast by do;mestic industries.

Legend for Table 30:

I - Sheets of brands VtN, VP, VNT; 2 - For blower hoses, apparatus, lin-

ings; 3 - Tubing, rods and section-shaped bars; 4 - For piping systems,

pumps and fittings used in aggressive mc'dle; 5 - Flex×bl, tubing (horos);

6 . for transporting air, oil, pas, rater; 7 - Wcldin,-, rodr; A - For
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filling seams when welding viniplast items; 9 - Fittings; 10 - For

drains, bends, tees, cross-connectors, compensators; 11 - Straight-

through valves of the "Kosva" type; 12 - For valves in piping systems

for aggressive media; 13 - Apparatus and cow!ponents; 14 - For tanks,

vats, spiral tubes, reactors, metoring tanl , gas ducts; 15 - Sheet

rasticated rubber; 16 - For protective coatings and packing;

17 - Packing sheet masticated rubber; 18 - Packing used for nscqrcssive

media; 19 - Cable masticated rubber; 20 - For electrical insulation

and sheathing for electrical cable; 21 - Sheet masticated rubber for

*as apparatus; 22 - Packing for ga6 apparatun 23 - Calendered vini-

plist film; 24 - For electrical Insulalon and other widely-used items;

25 - Perforated and corrugatcd; 26 - For electrical insulation;

27 - Packing film V-118; 28 - Covers for protecting machinery;

29 - Film masticated rubber; 30 - For diaphragms, membranes and other

parts of gas apparatus; 31 - Polyvinyl chloride insulating tape;

PKhL-20, PKhL-30, PKhL-40, PKhL-50; 32 - For repair and splicing of

insulation on conductors and cable sheaths; for protection of underground

conduits; 33 . Polyvinyl chloride adhesive tape; 34 - For protection

of petroleum-gas ralns.

Viniplas. is known abroad chiefly under the na:cs "vinidurt", "ekadur"

and "PVC".

Fluoroplasts9,t3,14 are products of tho polyiýv.rlzatlon of fluorine

derivatives of ethylene: trifluorochlhroethylene (fluoroplast-3) and tetra-

fluoroethyleno (fluoroplast-4). They are dist,•n-,ulshed by very higpl cheincal

stability over a wide range of operating tempcratu:res: from - 195 to + 125-

170 C for fluorroplast-3 and frun - 270 to + 260.<- 300 C for foropla•;t-4,
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In terms of its chemical stability, fluoroplast-4 is superior not only

to all known plastics, but also to most metals. It is attacked only by molten

alkali metals and elemental fluorine and It dissolves only in fluorinated kero-

sOeme.

Fluoroplast-3 is somewhat less stable. In addition to the reagents

mentioned above, aromatic and some fluorIne-contanzlaig hydrocarbons also act

on it.

However, fluoroplast-4 has the disadvantage that it is hard to work with.

Fluoroplast items are fabricated by compression molding ,n two stages: first

it is subjected to high pressure (300-400 1,gf/cm2 ) at room temperature, and

then it is baked at 370-380 C.

The chemical inertness of fluoroplast-4 is also responsible for its poor

adhesive properties. For this reason it cannot be cemented or welded by the

methods normally used for plastics. In recent years they have begun to use

welding in the fabrication of items of fluoroplast-4, but, practically

speaking, it amounts to baking fluoroplast films and semifinished products

at high temperatures (380-390 C). The pieces being welded are heated by

means of metal plates which are supplied with electric current.

The technique of flux w0dinpg has also been worked out for fluoroplst,

maklug it possible to obtain a welded seam which is ali:ost as strong as the

original miterial. The flux used is a fluorocarbon matcribl (so-called UPI

grease) to which fluoro0last powder is added. The welding is done at 370 0C

2
under a pressure of 3 kgf/cm2

It is even iinre difficult to cement fluoropl.-;L-41. FirsL the surface

is Activated with, (or eoxaiplo, a solutl,:i of r.:-_talllc !;, lIu!: in liquid
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ammonia 1 6, and then tha treated fluoroplast-4 s':rfAces are cemented together

or to other materials with ordinary cements. Other chemicals have also been

proposed for treating fluoroplast-4 before cementing; for example, a melt of

pure potassium acecate (recommanded by A. Ya. Korolev, et. al.17), heated to

325 0C.

In order to Improve the industrial methods of forming fluoroplast-4 and

thus widen the range of utility of this material with its unusually high

corrosion resistance, various methods have been proposed for modifying poly-

tetrafluoroethylene.

The modified fluoroplast-4D Is an aqueous suspension of finely divided

fluoroplast-4 powder. It differs from ordinary polytetrafluoroethylene in

the form of the particles and the somewhat lower molecular welght' 8. Aqueous

suspensions of fluoroplast-4D, stabilized by surface-active materials, are

used for the application of coatings and for the preparation of films, in-

pregnations, etc, A paste can be obtained from the aqueous suspension by

precipitating the powder and adding benzine, vaseline oil, xylene and toluene.

This paste can then be used for fabrication by the extrusion method, the

items thus formed being subsequently baked at 3700C. This method is used to

make tubing and other items with more complicated cross sections. The same

paste may be used for chemically and thermally stable gaskets and packing.

The fluoroplast sealing materials FUM (MTU 6-N870-62) and packing (VTI 110-

62) are widely used for joints, valves cnd other structural units which

operate under conditions of friction, vibrations, high temperatures and

aggressive media 1 9 .

Fluoroplast-40 and fluoroplast-42 are also modified fluoroplasts. They

can be forried by compression molding, extrusion and pressure-casting end they
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can be welded by heating. They are manufactured in the form of whlte powdei

and may be used for the corrosion protection of chemical apparatu.., piping,

fittings and other items which operate in very aggressive modla 2 0 , 2 1 .

The fluorine-containing polymer fluoroplast-26, soluble in organic sol-

vents but chemically stable, was developed to make films, plastic objects and

lacquer: coatings.

Unlike polytetrafluoroethyicn, (fluoroplast-4), polytrifluoroethylene

(fluoroplast-3) has good engineering properties and can be formed by compres-

sion molding, pressure-castlng and extrusion, although at relatively high

temperatures (200-220 0 C and higher).

The thermal stability of fluoroplast-3 is not very high (100-120,C).

With modified fluoroplast-3M the useful temperature range is extended to

150-1700C2 2 , 2 3 .

Fluoroplast-3 is supplied to factories in the forma of powder or semi-

finished products. It is used chiefly to make electrical accessories, pack-

ing, membranes, etc., but it is also used for protective coatings for chemical

apparatus. The selection of compression-molded and semifinished fluoroplast

materials produced by donestic industries is shown in Table 31.

Legend for Table 31:

1 - Fluoroplast-4 (brands A, B and V); 2 - For articles and fil:;L% which

are stable in aggressive tiedia and have good d!electric properties;

3 - Fluoroplast-4D; 4 - In the for:n of pastes aind dispersions for making

tubing by extrusion and for insulaiting and other coating." for shaped

objects; 5 - Fluoroplast-40 (brands 11 and III); 6 - As cherically

stable pnckin- traterial and dielectric. For ,rMng s~trz'tural !tcws. by
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compresslon-molding (I1) and c truslon (III); 7 - Fluoroplast-42 (brands

V, P and L); 8 - For making compressIon-molded and extruded items (P),

fibers (V) and lacquer coatings (L), stable in aggressive media;

9 - Semifinished products of fluoroplast-4; 10 - For mechanical fabrica-

tion of electrically insulating, antifriction, sealing and chemically

stable elements of structures and components; 11 - Intermediate products

of waste fluoroplast-4; 12 - For mechanical fabrication of packing and

antifriction items; 13 - Sheets of fluoroplazt-4; 14 - For gaskets and

diaphragms; 15 - Fluoroplast-4 tubing; 16 - For transporting ag-ressive

liquids and gases; 17 - Fluoroplast-3; 18 - In the form of suspensions

for anticorrosion coatings and for making plastic articles; 19 - Fluoro-

plast-31. (brands A and B); 20 - As protective coatings and for making

films and plastic articles; 21 - Intermediate products of fluoroplast-3M;

22 - For mechanical fabrication of packing and structural Ite-ms;

23 - Articles of fluoroplast-3; 24 - As packing elcT;i.nts of structures;

25 - Fluoroplast-26; 26 - For making films, lacquer coatings and plastic

articles; 27 - Fluoroplast packing material (FU.); 28 - For raking

chemically and thernally stable, self-lubricating stuffing and packing

materials.

Many foreign companies produce fluoroplasts under various nares;

"teflon", "fluon", "hostaflors", "fluoroflex", "fluoroplost" and others.

Asbovinyl Is a plastic obtained frown a mlxturie of ethinol lacquer and

pulvcrized asbestos. In spite of the fact that It Is mado by poly,,rizing

divinylacetylc:ne and th3 tctranmer of acotyle'te, asboviryl is a thirr:areocctive

plastic, sinco It transforns Into an Infunible nnd 1nsoluloe state during the

settlniv process.
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Asbovinyl is prepared before using by mixing divinylacetylene lacquor

(ethinol lacquer) with asbestos fiber and hardening gradually (for 10-30 days

in air without heating or for 2-15 days with heating, depending on the temp-

erature). It can be machined easily2 0 ,24,25.

Asbovinyl ia used for protective coitiitis and for making sheets, plates,

tubing, fittings and other articles2 t, which operate in aggressive media:

dilute bases, salt solutions, non-oxidi•zlng inorganic and organic acids, dry

and wet gases, fresh and salt water. It can be used to protect not only

Pletals, but also wood aad concrece.

Recently there hns been increasing interest in new chemically-stable

thcrm.oplastic materials: pol\carbonates, which are products of the reaction

of diphenols (for example, diphenylol propane) with esters of carbonic acid

or phosgene; polyforrmaldehyde, produced by polymerizing formaldehyde; and

pentonlasc, a simple chlorinated polyester (polypentaerythritol). These

materials form a special group which, in many respects, destroys the existing

notions about thermoplastics. They have a number of valuable properties

which make them vary suitable for making various Items which prevlou.y were

mAde of alumintum, copper, bronze, brass, stainless steel and other expensive

metals and alloys27987

The physica.l and -!ochanical proporties of polyceibonatus, polyformalde-

hyde and pentotdla.t Aev listed in Table 32 and data on their chemical stabil-

ities are givcn In Chapter MI.

LeSend for Table 3lt

I - D~ensity, g/cn"; 2 - v,.cirflc resilileico, kgf-cr./cm2 ; 3 - Compres-

slo;t rioli.,d; 4 - Li;mit or strcrr•th, 1:jf/c.2; 5 - undur tvtsion;
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flo l I{axa I or.; I i" 1 ; ei , I[I r. IT: ) CI

II . .•/c:: . 1,2 1,4 1,4

NCC.M/ci, 2  ...... 180-200 30-40 35-40
(neiccco;air-

4 flpe:o.c' n;.o~;Pocm: Kec/c,;:2

Snp: paC•l.m :,;1; . . . . 600--890 G00.-700 420--43G
e. 1In: .. .. .. . 00- '-9, 1300 900
"I/np;u wzr;:ti . 800--1000 750-1100 650--770S' OTtIcO¢:T•.;b:ice yA2•.:tiici;:e
nfp;i pfe3p e. .. % . Ao 85 20-40 25-35

'TBepoc, rno Bi w;en ;o,
Kc/....................... -- 0 25-40 ao 10

/•TeloCTO l.GCT o 10O aj):111
cy. *C ............. 135--140 120 150-170

V'M~O3OT~L(OcL..0~ leo -60 (no E,,,<a)//
Tf;OCT!,, 'C . . . 100 60 - 60

l:Th;:.: yp, ri.mt.ww,. 
0C. 235-300 170--180 180

WW I .I - '-pa)] . . . . . . 0,17 0,308-0,963' -
/ Ko,,.,;,. m . I,, :1edoiC O U TI -

=.IOr . . . . . . . . .. 60- 70 1.0" 7,8- 8,0

o.;0.C.L. ..................... 0-4.10 -2. I0G 1,2.10'5 4.101a

K I ... ,, . . . . . . ... 100 20-25 23

hioc'r (:6;: , I i ) ..... 2.6-3 0 3,1-3,2 2.8
TC•b (,'p:, 10C, e :O . .. 00 --0,010 ,003-0,064 0,0:0

o3a 24 q, 5 0,'6-0,3 0,2 0,01

f10 3* ,1 & Y50e• 41W. :M C N: ( l). 10-t.

Table 32. Physical and mechanical properties of polycarbonatcs, polyformal.

dehyde and pentoplast.

6 - under conipression; 7 - in flexure; 8 - Relative clongation At rupt-

ure, %; 9 - Brinell hardness, kgf/mr2; 10 - ýarten.r. thorm.il stability,

eC; 11 - by Vicat; 12 - Frost resistanco, "C; 13 - Nelting point, "C;

14 - Thcrval conductivity, kcal/,m-hr-dog; 15 - Coefficient of linear

thermal expansion; 16 - Specific volttnme electrical resistance, ol-,m-cma;

17 - Electric strength, v/:i.'l; I - Dielectric porr,•abllity (at io6

hertz); 19 - Tangent of angle of di(,lectric lo:;s (at io6 hrt0z);

20 - Ilater aibsorption In 24f hrs, 1; 21 - According to foreinn data
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Polycarbonates28,88,89 are thermoplastic polymers, polyesters of carbonic

acid, obtained by polycondensation of esters of carbonic acid with bivalent

phenols.

Polycarbonates differ favorably from other thermoplastic polymers in

their increased strength under impact loading and the stability of their

properties and dimensions in a wide range of temperatures from minus 100-135C

to plus 135-140 "C. They are resistant to oxidation and to attack by gasoline

(with the exception of the lightest), various inorganic, animal and vegetable

oils, aliphatic hydrocarbons, alcohols, dilute and fairly concentrated (hydro-

fluoric, nitric) inorganic and organic acids, and oxidizing and reducing

media, They are less resistant to weak bases, aminnec, aimn.onia, chlorinated

hydrocarbons, pyridine bases and dioxanes 9 0 ,

Along with their high specific resilience, these materials are inherently

flexible, so that they retain some elasticity even at temperatures as low as

- 1900C.

The mechanical properties of polycarbonates are maintained in air for 26

weeks at 150 0C, for F weeks at 170 0C and for 4 weeks in boiling water. Under

normal conditions they absorb 0.3-0.353 moisture at room temperature and not

more than 0.58& in boiling water vapor, indepcrdently of the tine of exposure.

This is readily visible in Figure 13.

Polycarbonates have high dielectric properties which are constant over 4

wide range of tenrPeratures. They can be formod with stcndard eqlipment by

the tvothods no .ily used for thertroplastics; extrusion and press're.casting.

Polycarbonate filis and other products can be volded readily by herting or

with hot air and ca,, ba glued tovothei with cements or appropriate solvetts.
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Fig, 13, Stability of polycarbonates in water:

1 - boiling; 2 - under normal conditions; 3 - under conditions of 50-7
relative humidity.

Polycarbonates can be used in anticorrosion technology as protective

coatitngs, deposited on metallic: objects from solutions or by dusting with

powder. They can also be used as structural m:aterials for making various

containers, tubing, pumps, blower components, stopcocks, fans and other equip-

ment uhich is in contact with aggressive media.

The polymer is characterized by high transparency, so that it can be

used as a high-strength organic glass; noreover, it can be dyed readily in

any color.

N. S. Akutin, V. N. Kotrelev, et. al.29 have made ,lass plastics Lased

on polycarbonates and glass fabric, having high-r i.cechanical strength than

ordin.'ry glass textolites (ST, STU, STK-41).

Polycarbonate (diflon) Is Inanfracturod by done•ostic industry In the form

of po;4dcr or granules (TU IP-262-63).

Polycarbunates are produced abroad uud._r the follo-n,?l., tradenarimos:

lexan and inerlon (UL;'\A), tnali'olon (Fa!;)
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Polyformaldehyde1 0 92 7' 9 1 , 92 is a thermoplastic polymer which Is produced

by polymerizing formaldehyde. It has a linear sLructure and consists of

branched polyoxymethylene chains (. , -OC!{ 2 -OC11 2 - . .) of great length.

It is characterized by a high degree of crystallinity (about 75Z),

rigidity, high mechanical and Impact strength, elasticity, good modulus of

elasticity, high thermal stability and resistance to solvents.

In practice, polyforinaldehyde retains its mechanical properties in the

temperature interval from - 40 to + 120 0C. At these temperatures, even with

a loading of 1:5 kgf/cm2, the coefficient of friction of polyformaldehyde on

steel (0.1-0.3) does not change, so that it can be used as an intifriction

mater.al.

The excellent physico-xirchanfcal properties of polyformaldehyde are com-

bined with good dielectric properties, which gives it great value as an elect-

rically insulating material. According to available information, the physical

and dielectric properties of polyforialdehyde remain constant when it is used

under conditions of prolonged heating at 850C and periodically to 120 0C, even

In the presence of an appreciable amount of moisture or after direct contact

with water. Tile rather high melting point of polyformaldehyde (18 0 "C), alon!

with Its high degree of crystallinity and better creep-reistance than othor

plastics, especially at elevated tereratures, are responsible for the high

dimensional stability of objects made of polyforn.ldehyde.

Figure 14 shows the dependence of the elongation of polyformald.iyyc!e on

the duration of application of a constant load at 250C.

The wear-resistance of rolyforviýdehyde Is higher than othr polyneric

riterials, altheý'gh not as good as the polyatmides. This, for exariple, In
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Fig. 14. Dependence of the elon~gation of poly forwi 1tdehyde on the duration of
application of a constant load at 250'C (in kgf/cril):

1 -350; 2-434; 3 -455; 4 -490.

abrasion tests using- a ball mIlli, the relative loss of rwtass (in g) of poly-

formialdehyde and other inaterials amounted to:

lMatcrial Loss of nass, g

Polyavfldeý;. 9 1

Polyforwialdehyde .. *..* *., 4-6

Polystyrene @ . . . 15-20

[lard rubber . . . ... .. 10

Polyforut.Adehyde Is c'iaracterired by Increarod resistance (co.n1pared, for

example, with ?olyethyleyip) to the Pction of orginic solvu'its: alcohols,

esters, and espocially aro,:~atic, aliphantic and h-ilogcna-contaln~i)E, hydrocar-

bonis. flowcver, It deco,7poscs lit concentrnt'od inorgannic ilcids itnd bases and

is Ices resistnnt to water thin polyothylone. For vore cdetailed inlfcr]:',ttlon

on thle cheitical stability of polyfcri;2altdc!1yto, see Chapter 111.

Polyfo±L%ýildehayde can bc fori:,'d c-asi ly with standzirý! cji~~ by thiQ

ordikat.~y ia 'c'iovs cnasting, extrUiY. ion Aji ~~r'~ o-c~ a It can be

vie1dcd and cc~iocntee. e-aizly.

-37-



The extrusion method can be used to form polyformaldehyde into various

items of fixed cross section: bars, hoses, rods, tubing. It can also be

used as a structural material for making gears, bearings of sliding collars,

fittings and other items. Polyformaldehyde film is very strong and with-

stands protracted loading. It is also resistant to ordinary solvex;ts. Poly-

formaldehyde with added stabilizers is produced in the form of a powder or

granules of two brands: A - casting, B - extrusion, of various designations

(STU 36-13-8.-64).

Polyformaldehyde is vanufactured abroad by the Duport comp-ny under
I the name "delrin",

Pentampst r 10n27*93 is a thermoplastic polyester, chlorihated polypenta-

erythritol. It is a crystalline polymer and the chloromethyl group is bound

to a carbon atom of the primary chain of the polymer. Pentoplast contains up

to 46%. chlorine. In contrast to polyvinyl chloride and perchlorovinyl, it

does not evolve hydrogen chloride when it is heated to 285 "C, and this guar-

antees good chemical stability of the material.

Pentoplast is resistant to most organic solvents, weak and strong bases,

and weak and fairly strc'ng acids. It is affected only by strongly oxidizing

acids, such as nitric and fu-ng sulfuric.

Under the influence of aggressive nedia, the mechanical propexrties of

pentoplast change to an appreciably s! aller degree than eo those of fhv luo-

plast-3, Perntoplast is rore resistant th:un polypropylene to concentrated

inorganic accdqi (304 chromic and 60/. sulfuric), organic ,cids (75% acotic)

and especially organic solvents: ketoncr, chlorinc-contxiintng hydrocarbor.n

and arot•at~c hydrocarbons. This increased ch:i.Aical stability of p-ntoplast

Is dtue to its structure -- the strength of the bo,•vs bcttwccn tl,L chloroi':-thyl



groups and the carbon atoms of the primary chain and the compactness of Its

crystal structure. The fortunate combination of physico-machanical properties

with increased chemical stability distinguishes pentoplast favorably from

other thermoplastic iraterials. Pentoplast also maintains its valuable con-

bination of mechanical characteristics and dirensional stability at elevated

temperatures# Its therm•al stability is grctter than ordinary therrmoplastics

.- even fluoroplast-3, to which it Is compatrable in cherlical stability. Thus

the diameter of a specim•en of pentoplast which is h^ld at 40 0C for 24 hours

changes by approximately 0.05 mm, and at 80tC it changes by 0.06 man. Under

the same conditions, the diamr2ter of a specimen of fluoroplast-3 changes by

0.53 and 0.57 mm, respectively; that is, 10 ti:.:as as much. In practice,

pentoplast can be used at 120-125"C and, In the opinion of sone investigators,

at temperatures up to 150'-C.

On the basis of its dielectric properties, pentoplast occupies an inter-

mediate posit:i.on between polyethylene or polystyrene (with sma~ll coeffic-

ients of dielectric loss) and polyamides.

Pentoplast has good engineering properties: it is easily welded with

hot air and it has sufficiently low viscosity at the melting point (about

I80•C). It. volume does not change appreciably during the transition from

the molten to the solid state, and therefore the dimensions of pentoplast

Itema are maintained during cooling and no Internal stresses are set up.

Pentoplast can be formed readily by pressure-casting or extrusion with ordi-

nary equip:nent; films obtah1m-d by thc extruzion rethod have good rechanical

charactoristics.

Pentoplast is used as n corronion-resistant sLiuctural raterial and is

67 91,
a protucctive coatinr '9* Pentoplast coatings c•n lie ai;pllod by the rethod
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of gas-flame dusting, dipping in a suspension of the polypier, or atoinization

with subsequent sintering of the powder. Sheet pentoplast can be used for

protective linings. Pentoplast can be used to make equipment which operates

at high temperatures in aggressive media: valves and fittings, components of

pumps, valve diaphragms, tubing, packing, etc. Pentoplast is well-known abroad

under the name "penton" and is used widely in the chemical industry for making

piping systems, ventilation ducts, distillation column~s, scrubbers and reac-

tors. Tubing of low-alloy steel is covered with a layer of penton 0.8-1.0 mm

thick. The Hercules Powder Co. manufactures such tubing in lengths of 3.5 m

with diameters from 40 to 600 mm.

Chlorinated polypentaerythritol is also manufactured under the tradename

"perodlon 301" in the form of an aqueous suspension which is used to cover

centrifuges (the suspension is characterized by exc-llent adhesion to metal).

Polvcondensation Plastics

Reinforced polycondensation thermoreactive plastics, containing fillers,

are characterized by high strength and are used as structural materials.

Polycondensation plastics filled w1th glass fiber, glass fabric or other

forms of glass material are so strong and light that they can be used for the

fabrication of lorge-scale objects, such as the hulls of boats and ships,

automobile bodies, and even buildings.

The properties of polycondensation plastics which are used as co-tv.<icn-

resistant rmterials are shown in Table 33.

Legend for Table 33:

A - Principal characteristics; B - Phclnopl/sts; C - l (K-L?-2tt

K-iV-23 and others); D - Faolit-: E - Textolite; F - Ario:1Iplasts A I B;
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Legend for Table 33 (con't):

G - Polyariidcs; H - Polyester resins; I - Organosilicon resins (asbo-

voloknite); J - Epoxide resins (reinforced);

I - Original monomers; 2 - Dianin10s, amino- and dicarboxylic acids,

lactams; 3 - Dicarboxylic acids or their anhydrides and glycols;

4 - Epoxide compounds (epichlorohydrin) and diatoric phenols; 5 - GOST

or technical conditions; 6 - Dens.ity, g/cm3 ; 7 - Specific resilicmice,

kgf/cm2 ; 8 - Limit of strength, kgf/cm2 ; 9 - under tension; 10 - under

compression; 11 - in flexure; 12 - Relative elongation at rupture, %;

13 - Brinnell hardness, kgf/zi 2; 14 - Martens thermal stability,°C;

15 - Thermal conductivity, cal/cm-sec-deg; 16 - Coefficient of linear

thermal expansion; 17 - Specific volume electrical resistance, ohmn-cn;

18 - Electric strength, kv/mm; 19 - D" '-tric permeability (at 50

hertz); 20 - Tangest of angle of dielectric loss (at 50 hertz);

21 - Water absorption in 24 hrs, %; 22 - Temperature limit of utiliza-

tion, C.

23 - According to data quoted in the book "iew Materials in Engineering"

(W~ovye materialy v tekhniko), edited by Es B. Trostyanskaya, Costop.

tekhizdat, 1962, p. 51, the water capacity of polyaiide 68 is from 2.5

to S-104.

last__s_ re the most familiar therofor:active plastics, based on

phenol-forrallehyde resins. They are products of the po)ycutdon:iat ton eL

phneaol with formaldehyde.

They are 'ivtdl-ed into three caItegoc'is, ý;a:ing .n the naturt of thc

filter: prcss1n;-powd, rs, fiberites and tpxtolltesn, Th lAr est group is

coriposqCo of tho prossin'-po., which are for:,od lnto objv-cts by or.'I:':ry

.4,7.



casting or forming riothoc!s. Pressing-powders are classified as general pur-

pose, with good electrically-insulating properties, increased water-stability

and high heat-xresistance (K-18-369 K-211-2 and others); chemIcally stable

(phenolitos and decorrozites); high-strength (FKP, FKPM); ancl special-

purpose (for semiconductors and components of X-ray apparatus, K-104-205).

In anticorrosion engineering, fibrrite and the laminated plastics,

faolite and te:<tolite'' 25 , are nuch more valuable than pressing-powdk -s.

Fiberite (voloknit) (TU 1IhN] 459-57) is used to make items with increased

mechanical strength. Glass fiberite AC-4 (GOS'T 10087-62) is used for objects

which must withstand high temperatures (temperature limit of use, from - 60

to + 200OC; ?lartens thermal stability, 280'C). Glass fiberite AG-4 is forned

.nto articles by hot-pressing. The limit of strength awounts to 5000 kgf/cm2

under tension and 1300 kgf/cm2 under compression. A typical representative

of the fiberites used as anticorrosion -raterialn is faolite, a thermnoreactive

plastic based on a resol phenol-formnaldehyde resin. The fillers used are

asbestos (brand A), asbestos and graphite (brand T) or asbestos and quartz

sand (brand P).

In the reinforced state, faolite is .-2,.racterized by high chemIcal

stability, strength and machincability. It is manufactured in the crude

forn (for coatings, linings, or as putty) and in the reinforced state In the

forn of sheets and finished Itoems. Faolite hardens at 120-130"'C.

The selection of finished aud seM:fInlshed ?roduccs of faolito is shoun

below:

Crude faolite sh,'Ces, 1000 x 1400 r.,i, 8-20 i'i thlic',
brands A rnd T T1U llKhi 322-45

Reinfe,-c.d f,'olito .;,hnvts of th1 •rn.:d
brands A and T TU GKIO 35-44
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Faolite putLy, brands A and T TU MthW 34-44

Faclite pipe end fittings of diamneter up to 200 ntm,

brands A and T TU 1•KP 321-45

Valves for tubing of diamete, 50 and 100 nui TU MKhP 325-51

Stopcocks for Lubing of diaveter 33 and 50 nmt TU MKhP 325-51

Vats with capacity from 60 to 1400 liters TV MKhP 324-45

Adsorption towers, plate and cap columns, tubular
absorbers, coolers, centrifugal pumps and other
equipment TU ZlKhP 3014-51

Faolite Is known abroad under the name "IHaveg".

Textolites and gass .cxtolltes are materials based on phenol-formalde-

hyde resinw which are impregnated with cotton or glass fabrics. They are

used as stroctural naterials for making antifriction and electrically Insu-

lating itens, and aiso coi,.ponents which operate in aggressive media.

The followir.ý kinds of tcxtolite are available, depending on the appli-

cation: small pieces (GL- 5.52), sheet el.ctroteclinical (COST 2910-

54), metallurgical (GOST 4184-54) and textolite rods (GOST 5385-50). The

first of these is used as a corrosion-resistant material.

An nopln.zts aro chermoreactlve plastics based cr, carbamide resins, pro-

ducts of the polycondensation ot .ormatdchyde -1to urea and its derivatives.

The rost wide!y used of tihm are presstng-powders of var!cus colors, brands

A and B, K-77-51 (u M-38.g3-53) ind othevrs, used for arc--csistant electro-

technical comi)onents and othor Itc.i:is.

Polv._..2dd.s30 aro products of the polycoade-tiation of aiIno-arbovylic

acids or d ,.,r, s with dicarboxylic acids, or or th- stcpIse oyn-ratln

cf lactans. They ire n-anufictured prirarily as poolyro'•r. which rtf for..'cd by

pressure-cartimn or cor.,sclon-m~oldiny. They are used ro fabric.:tc var ius
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items for machine-construction, electrical, aviation and other industries,

arid also films and cements. Appreciable amounts of polyanmides are used to

make synthetic fibers.

Examples of polya,-Ades used as plastics are nylons, capron, caprolon,

resin 6S, etc. Table 34 lists the brands and purposes of polyamides manu-

factured by domestic industries. They are distinguished by high w:ar- and

abrasion-resistance, good antifriction prope-ties, and resistance vo atmos-

pheric effects, water and many chemical reagents.

Legend for Table 34:

1 - Polyamide resin 54; 2 - For shock-resistant itens which are not

affected by petroleum products, oils, ethers and bases; 3 - Polyaa'ide

resin 548; 4 - Same; 5 - Polyamide resin 68; 6 - For items which are

resistant to shock, mechanical eftects, aliphatic-, aromatic- and

chlorinated hydrocarbons, alcohols, aldehydes, ketones and solutions of

bases; 7 - Polyamide resin AK-7; 8 - For water-, oil- and gasoline-

resistant articles with good dielectric properties; 9 - Caproloa;

10 - For large-scale items, gears, bushings, sleeves, washers, packing

materials; 11 - Polyamilde film PK-4; 12 - For sealing and Insulating

nmatrials which are stable to hydrocarbons, and for packing and gas-

irperrilable material3; 13 - Capron (polycaprolactani); 14 - For gears,

bushings and parts of armatures; 15 - Reinforced polyamide 68;

16 - For antifriction itetrs which are resistant to water, bases, bhnzene

and gasol n1e.

Poý=estcr re!In. are products of the condensotion of polyato:11c alcohols

and dihasic acids or anhydrides (so-callcd alkyd r•i,;).
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Table 34. Selection and purpose of polyamides.

When polyesters are' made from acids and alcohols containing reactive

double bonds bErLtecon the carbon atomis, the polyners forir~d are unsatur.ated

polyester resins. They arc used az; binders In structural glass-plastics, and

also as colored- lacquer materials and c.,j,--nts 31 Domestic indtistries produce

polyester resins of the followzing brands: P1,-1 (.cTi! 30-140S6.63), Pk1-3 (STU

30-14263-64.), TG!!-3 and MGZ-'9 (v'ru BUI17-56), 71;Gf-H. (:rTU 12-10111-.6l).

Cr, ino:1tco are products of th~e p~yod~,.-t() of alkyl-

hydroxysilanes (organios.1icon coi. potiiid'.). The polyrt-rr chains of these note-

cules cotisist of alt~twatlng silicon oiid oxytcii Aow, n! the silicon t:'
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are bonded to various organic radicals, The transformation of the resins to

the therriostable state occurs at !60-200 C. The products obtained have good

mechanical strength (nearly constant over a wide range of temperatures from

-50 to +300-3500 C) and high dielectric properties. Organosilicon polyniers

are used to make lacquers, Impregnating conipositions, cements and plastics;

also rubbers and liquids for lubricating oils, heat-transfer fluids and

hydrophobic materials.

The addition of a filler to an organosillcon polyiý,er yields a high-

strength, thermostablo, electrically-insulating material which is used to

make electrical equipment and fittings, casings and Comrponentn of electLical

and radio instruments, arc-resistant itemsr and various siill articles v:hich

operate under conditions of elevated (up to 200-3000C) temperatures. At the

present time, the following organosilicon plastics are being mattufactures:

asbofiberite K-41-5 TU 35-XMi-572-63, comprPssion-•olding %iaterlals of various

brands and glass textolites SLZM-1 TU OEPP503-001-•51 aiid STX-41 TU 35,'ýP-270-

64 STK-71 VTU 76--58.

ELxIde resins (polyoxyosters) are oligorers and 2 whose m•:e-

molecules contain epoxide groups

0

They are produced by pIlyi:,eri•i.•g dlato".idc phzenols with ie.•ý,!_ Co,,,,cJ

(epichlorohydrin). The epoxidO r.rou!,' are locatukd ,t to en.ds of the chain

and the hydroxyls are dIstrIbuted alon,, the entire, chaiti. iwh"y ,h:rd-.n tn't-

the influcncc of ailno', anhydrid-'s of cl1baslc eldq a.., other rca-&nt:: •,

the -!c'chanlsri of the polycondensation rcactlon. Th' baidci.1ng process t,•kes

place not only with hetiiig, but alto at roe-, te ,,,.rtr¢ ° '.r I~s br.lnds of
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epoxide resins are produced, depending on the number of cpoxide groups and the

molecular weight. They are liquids of a variety of viscosities or solids.

Epoxide resins adhere very well to metals, glass and other nonmetallic

materials, Including plastics. They have high mechanical strength, good

dielectric properties, and chemical stability in acid and basic media.

Epoxide resins are used to *make cements, lacquers, enamels, patching and

sealing compounds, and electrical and radio components. They are also used

as binders for glass plastics and other laminated materials, as well as for

protective coatings32,

The following brands of epoxide resins are manufactured by domestic

Industries: ED-5, ED-6, ED.L and ED-P (GOST 10587-63), E-40 (TU UKhP-295--

55) and E-37 (STU 30-14118--63).

Also available are the opoxide compounds K-153 (STU 30-14161--64) for

cementing materials and K-115 (STU 30-1414&--63) for impregnating, sealing

and cementing of materials, etc.

Bituminous-asphaltic Plastics

This group includes plastics based on natural and petroleum asphalts and

resins, bitumens, coal-tars, shale- and ligneous pitches, They are obtained

by tho pyrogenic destruction of various organic substances.

Plastics of this type are resistant to mineral acids (weak and fairly

concentrated) and solutions of salts and bases, They are used chiefly for

Insulation and corrosion-prot.ection of underground pipelines and mains. They

are also used for the protection of floors in chemical plants 3 3 .
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Petroleum hitumers are used in the form of primer compositions (solutions

of bituimon in gasoline), as the primary material of coatings, and also for

gluing roofing-paper materials. Several brands of petroleum bitumens are

available, depending on the softening temperature and other properties.

Thorrmop1,!,,t~c asilhaILt-21tch maaterial (TU GKhP 26-50) Is used for the

compression-molding of battery casings, lids and plugs.

Bituinot__ _astlcs (btunols) are obtained by fusing bitumens with

mineral-acid-resistant fillers (cements, kaolins, diabasic and andesitic

flours, etc.) and with reinforcing additives (asbestos). Good results are

also obtained by adding 5-10A rubber (in the form of crumbs) to the bitumen.

This improves the elasticity, frost-res!stance, stability of electrical resis-

twice in electrolyte solutions, machanical sLrength and other properties of

the bitumens.

Bituminous-rubber mnstics of brands I.IBR-I-90, with softening temperature

not less than 900C, and NBR-13-80, with softening tcmperature not less tban

80 0 C, are used for insulating work.

Mastic compositions frequently include rubrax, which is a high,-melting

elastic product obtained by special processing of bitumens. A waterproof

roofing-paper material based on bituminous-rubber mixtures is known by the

name brisol. Sheet roofing cardboard Impregnated with bitumen is known as

hydroisol; a mixture of bitumen and asbestos fiber, processed on rollers and

calenders, is called borulin.

Bituminous materials mix well with synthetic resins. Thus, for example,

adding epoxide rosin to coal-tar resin y!elds the valuable anticorrosion

material EKS-1, which combine:; the propcrtlos of both constituents. This

material Is applied In the form of a mnstic, and It sets without heating in
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layers of any thickness. Coatings of EKS-I are stable in sulfuric, hydro-

chloric and 5% nitric acids, and also in bases, petroleum products, oils and

gasoline.

Materials Based on Rubbers

Natural and synthetic rubbers are high-molecular-weight compounds de-

signed for making elastic and rubber objects. Synthetic rubber is usually

made by polymerization and copolymerization of various unsaturated conpounds.

Some rubbers are produced by the polycondensation of appropriate bifunctional

hydrocarbon derivatives. Rubbers are normally used in mixtures with other

ingredients: fillers, vulcanizing aogents, plesticizers, stabilizers and age-

ing-retardants. In the vulcanization. cf rubber with sulfur, for example, the

agent adds at the sites ot double bonds and "sews" the material together.

That is, a three-dimensional macromnolecular structure is formed, giving the

rubber strength, elasticity and a certain rigidity. Depending upon the amount

of sulfur introduced into the mixture, it is possible to obtain rubbers which

are soft (2-4 parts sulfur L o 100 pat-s rubber by weight), seririgid and

rigid, called ebonites (50-6Q parts sulfur to 100 parts rubber by weight).

Ebonite can bc, us#,( Indep-ndC-Itl' for the protection of equipmont or as a

sublayor, but it can ,Iso be useco s a structurt• material. Donc:stlc Indus-

tries produce ebonite sh..ýcts (0ST 2743-53), pipe (TU EihP 1420-47) and

tubing (TU MI!hhP 24-11).

Rubbers are uý;ed not only to obtain resins a.•d ebonites, used as cor-

ros•ion-resistaw- pact:in.- and soallng raternals and for rtibberlz1ii,, (that is,

the coating of equir;Tr-.nt tu protcct it fron the action of .'g-rc.s1svceodia),

but also for ,n.kin.v;n ceO,1.nLs, coloced-lncquer r.aterlnls, svalants, bind(.r!;,

etc 3. 1'|ure 15 shows th? clasiLficatloti of rub!,cr: u.cvd In anticorrosion
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technology.

Legend for Fig. 15:

I - Rubbers; 2 - Synthetic; 3 - atural; 4 - Special-purpose rubbers;

5 - General-purpose rubbers: SK8 (sodlum-bL.tadiene), SKS (butadiene-

styrene), SID (cls-butedlene), SKI (isoprene); 6 - Thermostable: S Kf

(silicone) and therinooonzostable: SKF (fluorinated rubbers), SKTF (fluoro-

silicones); 7 - Wear-resistant: SKU (polyurethanes); 8 - Gas-tight:

butyl rubber; 9 - Frost-resistant: SKS-l0, SKMS-i0 (butadiene-styrene

and 0-rethyl styrene), SKD (cis-butadicne), S•11M (butadiene, obtained by

catalytic polymlrizatlon); 10 - Gasoline- and oil-resistant: SKK

(butadiene-nitrile), polysulfides (thlol:ols), chloroprenes (nyrite),

NVP (methylInylpyridinyl); 11 - Chemically-stable and ozone-resistant:

polyisobutylene, butyl rubber, chlorosulfonated polyethylene, fluoro-

rubbers, chloroprenes.

Large amounts of rubber are used for making tires. Smaller amount-s are

used for making industrial rubber tte:ns and relatively small amounts are

manufactured in the form of co.mercial non-vulcanized rubbers, sone of which

are Intended for rubberizing.

Synthetic rubbers of the following Hinds are produced in the Soviet

Union: so'lui-buttdiene (S;2), which is F.radually being rcpIlaced by tleU more

satisfactory polybutadlenŽe of reguar &Utructutre (WY,8)); buttdlczn-styrcne (SKS

and sl•); butadicne-nitrile (Si,); pol)cO+oroprcne (,yriLte); polysulfiid

(thlokols); sillcone (s1'r) ld Sv01ra1 si.al types.: of ••tbers;. Alrro•.t all

of the rubbrrs listed above are useod t(, prepi re ru'r1,?In- rcsik,; , ebonkies

and s,-alnnts. At the preo~rnt tire., nP.trIl ru,:'r (') !. still bc.Ing u:;ý.d
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Fig. 15. Clnssification of rubbers according to properties and purpose.

to an appreciable extent for rubberizing rcs!ns. Its structure Is that of

polyisoprene353. Synthetic polyisoprene rubber (SKI), analogous to natural

rubber, has now been made and is being accepted. It can replace natural

rubber successfully In rubberizing resins3 9 (sec Table 35).

Legrted for Table 35s

I o Aggressive muedliii and test conditions; 2 - Physico-tn~chanical

characteristics; 3 - Resins based on SKI-3, with filler of; 4• . powdered

silica gel; 5 - lamp black; 6 - Resins based on NI, with filler of;

7 - 20:/, hydrochloric acid, 65 0C, 25 days; S - Strength; 9 - Relative

elonigation; 10 - S0elling; 11 - 33/. sulfuric acid, 65"c, 50 days;

12 - 20"/. acetic acid, 50 0C,'50 days.
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Ia It 0l " 111 c ([W,.3. -, ; 1*11 Q.

it~ ~ ~ ~ ~ Ca);(C IortK3,aCi,/ aocrl, Do i <>,,I

20%-il coimma,- K:;c- I-1p'u T:.,r -7 -59 -34 -31)
n mo~a, 65°C, 25 cymo: T OGI:;c1:Gcw.:bloe y.1 -8 -8-S -10 -22

rea lie~me' -1.t3, +22,-- 2 + -}4.1 -116,1
A l-'l~y+ ItT, .,,I

~,33%.ima cepiiag -5c;- ~p'o 7,5 -2,5 -23,6j-2,0
Ta, 65 C, 50 cyTOK OTiiKcc..•Oe yA" -7,5 -67,0 +0,0-3.0

HZaGyxai:1e :S +7,1 00 7,7i-+0,51

,/,, 20%-/lai ugycyciia~i xuim- -O'!cTb 19 -43 -27 -53
"SOT , 50°C 50 cy'oI O'ri."imi:c y, * 0,0 -45 -l-'5 -- 10

Table 35. Relative chainge of physico-mochanical characteristics of reslns

based on SNKI-3 and I(K in aggressivc media (in /.).

Non-vulcanized cornercial rubbers are divided into two basic groups, in

accordance with the purpose an- operating conditions: general Industrial and

special purpose. The group of rubbers of general industrial purposes consists

of soft rubbers, as well as those of medium and hligh rigidity. It includes:

1) rubbers designed for protection from water, air and weak solutlaons of acids

and bases; 2) therilostable rubbcrs; 3) frost-rceAistant rubbers; 4) oil-

and gasoline-resistant rubbers and 5) rubbers with increased oil- and gasoline

resistance. SpOciPi-purposc rubhbrs include those used for the rubhcrJi7in

of chemic',', epi,'-t and for the cuatin,- of drirzs and fittings.

In selecting rublcrs; and ebonites for protectlon frora the action of

agý-,resnfve nodia, It is expedtcnt to i,-e the data of the All-Union Scientific

Research ' nsLt l tute for Stzmuearcd1 zzt ion and Vachinc-Con-truct ion (Va. I 1.'A~h),

R'M 22-61, "Protective Co-rtinj-s by Rubb( x.1 inL"

The phyAcal aid rn.-_cniticail pre.-rtic .q of the rubl.)!cs aild obonite.:, rust

widely usel for rublr1z1ln,, to-'cth-.v with th' rkimthod! ted to bond thl.lm to
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metals, are listed in Table 36.

Legend for Table 36:

A - Brand; B - Basis (rubber); C - Density, g/cm3 ; D - Limit of

strength, kgf/cm2 ; E - under tension, not less than; F - in flexure;

G - Elongation, %; 1 - relative, not less than; I - rosiduil, not more

than; 3 - Rigidity by TH-2, kgf/cii?2 COST 263-53; K - Williams plas-

ticity; L - Frost-resistance,OC; M - Method of bonding to metal.

I . Rubberizing (soft) resins; 2 - With thermoprone cement and 4508;

3 - By moans of a sublayer of ebonite or thermoprene cenmen; 4 - By

means of a sublayer of ebonite; 5 - With leuconate or 200 cexn.nt;

6 - Standard recipe; 7 - Nyrfte; 8 - Butyl rubber; 9 - Somiebonites;

10 - With cements 2572 and 1805; 11 - Ebonites.

In addition to rubberizing resins, rubber lining-, packing- and sealing

materials are aiso used in anticorrosion technology. Linings are made from

industrial sheet rubber (COST 7338-55) of five types: acid-ba•-res!stant,

thermostable, frost-reslstari, o -- isoli;.•-rosist,-nt of brands A, B and V,

and sanitary (for foodstuffs).

The physical and nochaniical properties of Industrial sheet rubbers ;re

shown In Table 37 (thw first number of each entry refers to soft rubber eild

the second to hard rubber).

Legend for Table 37:

1 - Type of rub'wr; 2 - lin.t of w•ttvn-t, uuc!er tension, krf/ct?

3 - Elong'tlon, 7.; 4 - reltiv,.; 5 - rkidual; 6 - Rigid•ty by T.h:.:-2t

ksf/cmt ; 7 - Acid-ban.-reAl!;ta1it; F - Thr,"tabh'; 9 - Frost-reIstant;
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110 3otorl cmCQ4c Kp. IIAC1IIIH

W p Ka (Kky'IYK) e/cy3 ffOlKC ' 1 Hir.lt 11 I'CG 1cw

),ChIII'! 1131rCC IIoc. Ile Co-
H~e NIC' &I~ c l'C ~ i ve .I

829 IHK-l'-CKI; 1,06 160 - 650 30 40-50 - -4 mC TcoIp: u402

I976 CR13i 1.14 GO0 225 20 6 - -40 C j~tnmommo ioa'cniosi sdo-

2566 II-Id-CK6 I1.1-1.2 150 - 600 33 20-40 - -. j10 Iccm. Tep\.uInpa it 4508

4476 CKI3 1,15 55 150 15 .52 - -40 C namomwo no;T'C.'Ion :llomf-
ra IllS Kxe.I rep~i0o:,Ij' ?

4849 HlK 1.39 1ISO 550 40 31 - -50 C~~ot~on~~.o cis~

MITII' CKG-310 1,06 240 - 570 20 6E--75 --50 K~lucmn.erS~oIaT 11.1!1sc.:5
L. TI 200

343 CKMC-50 1,14 90 - 280-.-303 25 60---80 - ---G0 To c 5 j

8583 CKC-30 - 40 - 200 40 55-75 - -~30

Crsi~ir 1-40 - 90- - 300--500 10--30 40-8,5 - 5
IIL01 IJCLIC1IT 100

14P1)f - 025 7 11aujrus 1,48 100 - 361 8 84

MPFI-123G ;Byr.im. 1,25 rý-IOr,0 - 503 15-60 - - -40

1751 1 C Kb 1,32 1 2741 638 1 13-- - ,0-4 .51 JK.iccm~ 2572 it 80

1726 11[K 1.12 -- 940 I - - To ;cc

1814 CK(fl 1,33 361 713 - -. - 4,0 ---5 ,5

2109 CKB 1 21 320 577 - 3,5 -5,0

2I169 CKI- 1.14 4~C 9 50 V -- 3,0 '.,0

TAble 36. I'hlystca11 and unohinical pro.,)h.rLI(-S of soft rU'A~c1S -kid

obnnite's uqŽc! forru '(1



10 -Oil.gasoline-resistant, of brands; Ii - Sanitary.

/ D ,oTocTH pocAOT
TPnpflnCTl I oroct . O. TDTO'- n T ,IA .2

I KOC/CA I I _

7K1:cAoToujCAO';ccToflxas. . . 35-55 350-200 25-20 4-20
TenaocTla.ai. . . . .. ... 40-60 300-100 18-15 4,5-26

@MopoocToWiK . ........... 40-65 250-200 25-20 4-20
/OMacZ6e113ocA•o<a% 1apoI:

/I A'............... 60-95 250-200 30-20 4-21
h B. .............. 45-55 400-180 40-15 4-22
VB .............. 45 150 15 10-12

/i rlsnuteaa.. . ........ ... 40-45 350-300 35-20 4-10

Table 37. Physico-mecianical properties of industrial sheet rubbers.

Sealingi materials are most often prepared In the form of mastics or

pastes. For the most part, they do not require heating for vulcanization or

hardening. Sealants are made from polysulfide rubbers (thiokols), silicones,

butadiene-nitrile rubbers combined with resins, and certain special fluorine.

containing rubbers.

Two brands of thiokol sealants are produced: U-301N (TU UT-949--58) and

UT-31 (VTU UT-932--59). These naterials are made up of three components,

which are mixed before use: the first component is the paste U-30 (thiokol

filled with carbon black or tttanium white), the second is the paste P-9,

containing a vulcanization agent and a plasticizer, and the third is a

41
vulcanization accelerator In the forn of a powder

Fnr better adhesion, thlokol soolarts are not applied directly to the

metal, but on a prin1 ,r (VTUR, cerc-onts M11,, K-50, o•:c). The vulcanization

of thiokol sealants takes place at roon tenperaturo in tn avera,'U time of

24 hrs. Besides their pr~razy purpose (scaling vratorials), thiol.ol compottuds

may be used as eoatin's tn protect netals from s, olstre and water vapor,
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gasoline, solutions of inorganic acids And their salts, and from atmospheric

and other influences. The adhesion of thiokol sealants and some of their

properties are improved by combining them with epoxide resins.

Electrically-insulating sealing compounds based on silicone rubbers have

been developed for protection from the ailon of i.oisture and the atmosphere

in a wide range of temperatures from -60 to +3000C. The most useful end

familiar industrial silicone sealant is the compound XL (VTU V-16=-64).

The sealants GEN-1S0 (TM P-105-.58) and GgN-301 (VTU XKhP 3284.-52) are

mixtures of butadiene-nitrile r-Aber SK!,-40 with phenol-formaldehyde resins

(bakelite resin VDU and resin FiF). They are 5-6 tines stronger than thlokol

sealants and 10-20 times stronger than silicones. Tieir adhesion to steel is

not less than 35 kgf/cm2 , and to aluminum it is as I'-igh as 70-170 kg[/cm2 .

New Types of Elastomers

The new elastomers which are used for protection from corrosion are sub-

jected to more rigorous demands for chemical stability and resistance to

abrasive wear, erosion, ageing in oxidizing media, etc. Elastomors based cn

chlorosulfonated polyethylene, fluorine-containing polymers and copolymers,

and polyurethane rubbers 9 5 have such properties in some degree.

Chlorosulfonated jolyet-_lipne (KhSPE) is obtained as a result of the

introduction of a sulfochlorido group (SO 2 Cl) into the polyethylene molecule

in a preparation of polyethylene dissolved in carbon tetrachlorldo, sulfonyl

chloride (3O 2 c12 ) or a rdxLuro of chlorine and sulfur dioxide. The rtibber.

like polymer, obtained In the form' of white friable crumb.s, is vulcr.nized by

matal oxides or salts oL organic acicdk (chiefly r.,,no:.iun oxide and lead oxide

or lead salts of orý.nlc acids). The structurization occur.4 Ps a result of
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hydrolysis and subsequent reaction with sulfochloride groups. Vulcanization

it occurs in the presence of organic acids or colophony (hydrogenated), which

Improves the strength and engineering properties e.. the mixtures 4 2 ' 4 3 .

Compared with other rubbers, KhSPE vulcanized rubbers are characterized

by exceptional properties: ozone-resistance, resistance to abrasion and re-

peated bending, thermal stability (up to 120*C), and high stability iny"Iter,

strong oxidizers, solutions of acids and bases, and salts of inorganic acids.

Like rubbers based on NK, their brittleness temperature amounts to 400C.

The recipes of rubber mixtures based on KhSPE are given in Table 38, and

Table 39 lists the properties of the vulcanized rubbers (see Chapter III for

data on chemical stability), These materials are used for rubberizing tanks,

pipe, voltaic cells and other o!quipment; they are also used for linings, acid-

resistant hoses, valve linings, .and beprings for pumps and other machinery.

IhSPE is being produced on a piloc-plant scale. It has been manufactured

abroad for more than 10 years under the name "hypalon" 9 6 .

Legend for Table 38:

I - Polymer (KhSPE); 2 - Hydrogenated colophone; 3 - Lampblack or

channel black; 4 - Precipitated chalk; 5 - Magnesium oxide; 6 - Lead

oxide; 7 - Thiuram; 8 - Altax; 9 - Captax; 10 - Neozone D.

Legend for Table 39:

1 - Rupture-resistance, krf/cm 2 ; 2 - Relative elonyation, %;

3 - Residual olongation, X; 4 - Shore hardness; 5 - Rcsistance to

tearing, kgf!cnm; 6 - Abrzsivo-rosistance, cnj/kvh; 7 - Brittleness

temperature, 'C.
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PekenITypa

I flonitmep (XCfl3) .......... 100 100 100
ZKamtL.ozb ripppoaiman. ....... 2,5 2,5 10,0
,KCaxa jiamnouan imui xaIla."b1lasi . . -- 20 40
4Me.' oca~mKAcubl. .......... .... 80 - -

sOxitcb riarmis ..... ............ 20 20
4 OiItCL, CemiiHa ..... ............ -- - 40,
7Tttypa ................ ... 1,0 0,2 -
5 AburaC. ...................- 2,2 -
"1KaanTZ C ......... . . .0 .

/OHCo3oII A ................... .1,0

Table 38. Composition (in parts by weight) of rubbers based on KhSP.o

/ it., Pe;ýcelTYPaFro•,,,.,
A" I t 2 I e 3

1 COrxpo;W.10111te pa3pbwy. Kz/c . . 243 115 237
20mOCizTCJbHoe yA,11:emle, % ..... .. 200 220 225
1 OcUaTo'1oC y.MmIU;1Ce. % ...... .... 5 10 12
.'Taep.ocb no Ilopy .............. 77 65 85
5ConpoT1IrHwmf p0s3Apy, .c!cM, . . .. 64 54 40
tCOnpoT e '1,CIIi 211pawMI o, CAr31/A . ,,. 190
7dTemupaTypa xpynloct. C........ -40 -36 -40

Table 39. Physico-irechanical properties of rubbers based on KhSPE.

Colored lacquer compositions based on KhSPF. in th(I form of organedisper-

44sions harden at rooee temperature , The coatings obtained in this way have

good mechanical properties and are resistAnt to agCing and the action of oxi-

dizers. The high adhosion to metals Improves in the process of utilization

and the range of opcrating tcnperattires is al~proximately front -50 to +120-1C.

Fluorlne-containtrg elastomrrs, which differ from other rubbers in their

Incrensed chemical stability and hIh thernal stability. are more satisfac-

tory. They Include: copolyners of vinylide•o fluoride with trifluorochloro-
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ethylene (elastomer Kel-F of brands 3700 and 3500) and with hexafluoropropyl-

ene (vitones A. A-NV, fluorel), fluoroacrylate polymers (elastomers M14 and

2F4)$ fluorinated silicone rubbers (silastic LS-53), etc. 45

Vitones are fluorinated rubbers which are obtained by the water-emulsion

polymeritation of vinylidene fluoride and hexafluoropropylene at 100 C an an

oxidizing-reducing medium. The copolymer has a linear structure, consisting

of alternating methylene and difluoromethylene groups, among which are very

short perfluorocarbon side-chains. It is very stable.

Vitone is a soft, white, translucent, rubber-like material of-density

31.8 g/cm . The molecular weight of vitone A is 100,000 and that of vitone

A-NV is 200,000. Recently vitone V has been introduced, with a viscosity

intermediate between v'tones A and A-NV.

Rubber mixtures of vitone V are superior to vitones of other brands in

elasticity, thermal stability, brittleness temperature, and resistance to

nitric acid and several other media.

The increased chemical and thermal stability of vitones can be explained

by the high fluorine-content (up to 65.). Vitones are manufacturee by the

Dupont Company 97998

The vulcanization of vitons occurs by reaction with polyfunctional abitna-s

and peroxides or under the influence of P- or V-radiation. Amines cause pre-

mature vulcanizAtkon (scorching), and therefore salts are normally used (for

example, the carbamate of hexamothylenediamlne). Thermal black, gas black

and metal oxidcs (magnosium, calcium, lead or a mixture of zinc oxide end di.

basic lead phosphite) are used as filh~rs to facliltate the process of per-

oxide vulcanization.
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Vitones are always vulcanized in two stages: first, under pressure at

150C for 30 min, and then completion of the vulcanization by heating in a

thermostat or oven for 24 hrs at 200-150C.

Fluorinated rubber (analogous to vitones) is produced by the Kellogg Co.

under the tradename "fluorel" (formerly called elastomer 214 and Kel.F-2140).

It is a copolymor of vinylidene fluoride and hoxafluoropropylene (70:30).

Fluorel Is a saturated polymer which contains more than 607 fluorine. It is

vulcanized in two stages, with the same reagents and under the same conditions

as vitones.

Table 40 shows examples of a few typical recipes for reiin mixtures based

on vitones and fluorel, and their physical and mechanical properties are

listed in Table 41.

Legend for Table 40:

1 - Ingredients; 2 - Vitone A; 3 - Vitone A-NV; 4 - Vitone V;

5 - Fluorel; 6 - Polymer; 7 - Carbon black; 8 - Magnesium oxide;

9 - Hexamethylenediamine carbamate.

Legend for Table 41;

1 - Properties; 2 - Vitone A; 3 - Vitone A-NV; 4 - Vitone V;

5 - Fluorel; 6 - Density, g/em3 ; 7 - Brittleness temperature, C;

8 - Strength under ten3ion, kgf/cm2 ; 9 - Relative elongation at rup-

ture, 0; 10 S Shore A hardness.

A valuable property of fluorine-containing elastomers Is their ability

to withstand protracted use a? high temperatures: for vitones, 200.220*C;
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;MirpeAIelneln A-MV B Irope
I T1ioll •wep ...... 100 100 100 100

7 C)xa ....... 25 25 20 15S•OMICbm•artmi . .. . 20 Is 15 20
S.j• p6o01a1 reKce.:Lne.M -

SaMMaa ....... ...... 1,5 1,5 2 1,4

Table 40. Composition (in parts by weight) of resins based on
fluorinated rubbers.

nloKa3a•enu A A-HV B I -,

f IMoHOCTb, Z/cM ...... ... 1,8 1,8 1,86 1,85
7TexmepaTypa xpynKocT;I, "C -45 -47 -49 -45
Sfllpo'inocr, npit pac-1ix(eHimw,

.zc/c:. ......... 155-.190 190-218 158 165

pa3pIrna, % ....... .. 180-460 193-250 390 225-320
W'9Taep.ocm no Iltopy A . . . 71 71-75 74 65-71

Table 41. Physical and mechanical properties of resins based on
fluorinated rubbers.

for fluorel, 230-260tU, and up to 315 mad even 360 0 C for short times. They

retain their elasticity at low temperatures (from =40 to -50 0 C).

Vitone resins can be used for the insulation of conductors at low vol-

tages. The specific volurne electrical resistance of vulcanized rubbers based

on these materials is 2.5 x 1012 ohzm-cm for Vitone A, 1.4 x 10 4 ohm-cm for

VItone V and 1.3-2.0 x 1013 ohm-cm for fluorel.

Vulcanized fluorinated rubbers are distinguished by extraordinary chio-t

cal stablaity: they are resistant to atmospheric effects, ozone, oxidizing

agents (Including 904 hydrogen peroxide and fNmIng nitric acid), aliphatic-.,

aromatic- and chlorinated hydrocarbons, aromatic anAvc=, petroleum and other

fuels and oils. They are also stable at hiCh tenIperatures in dilute and
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concentrated inorganic acids and bases. They are soluble In ketones, aide-

hydes, ethers and organic acids.

Solutions of vitone in ketones are used for making films and for thermally-

and chemically-stable coatings on fabrics. Solutions of fluorel (25/.) in

methylethylketone. toluene or isopropyl alcohol are also used to obtain strong,

chemilcally-stable coatings.

Since they are chemically stable, vulcanized fluorinated rubbers retain

their strength and elasticity well when exposed to aggressive media.

Vitone mIytures can be processed readily with zhe ordinary equipment of

the rubber industry. They are extruded at 63-70*C and calendered with a

reller temperature of 50°C. In spite of the fact that its visrosity is higher

than that of other rubbers, fluorel can be rolled and formed easily on stan-

dard equipment. The casting temperature of fluorel is 145-160 0 C, but it is

used to make tubirZ by the extrusion method at 66-76 0 C.

Rubbers based on vitones and fluorel can be cemented or vulcanized to

metals by means of silicone adhesives, but the adhesior obtained in this way

2,is only 3.5 kgf/cm2. For items operating at temperatures up to 225 C, it is

recomuended that vitone rubbers be Castened with a cement based on the vitone

itself. The vulcanizing mixturen arc solutions of vitone in methylethylketone

99vith hoxamethylenediamlne carbamAte or triethylenotetramine

Vitoites are used to make soeling rlngs, gaskets, packing, pressure hose,

fuel tanks, protective coatilngs, cemants and insulation for conductors' 0 0 .

Vitono tubing Is very siooth And vithstands the sinultaneous Influerce of

hich templeratures (up to 2000C) and arpr-casive media. It is recor•riendcd for

transportIng petioleun ploducts, aro~matic topoinds, hMlogn-containlng
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hydrocarbons, oxidizing media, special fuels, lubricating oils and hydraulic

fluids. Vitono is used to make regenerator tubing for use in a toxic atmos-

phere, and it also can serve as an elastic covering for cables. Fluorel is

used in aircraft- and rocket construction to?: sealing fuel compartmnts, for

fuel- and hydraulic hoses and for insulatio,.w. In the chemical industry, it

is used for gaskets which are in contact with aggressive liquids, and in

automobile manuZacture it is used for sealing gear boxes, making brakes, etc.

Fluorinatad rubbers of these types (products of the emulsion-polymeriza.

tion of fl.uoro-olefins) are manufactured by domestic industries under the

brands SKF-32 and SKF-26 (VTU 46.10--59 and VTU 825-60). Res5ns based on

these rubbers are familiar under the brands IRP-26 (VTU LSNKh 30016-5S), 1136

and 2093. These rubbers are produced in the form of white or black sheets of

thickness 1.4-2.0 mm, They are used at temperatures from -60 to +2000C as

sealing and electrically-insulating gaskets in electrolytic condensers filled

with 38M sulfuric acid.

The ,'tysical and mechanical properties of the rubber IRP-1064 are listed

below:

Limit of strength under tension, kgf/cm2 - . . . . not less than 150

Relative elongation at rupture . . . . . . . . . not less than 150

Residual elongation at rupture, % . . . .*. . . not more than 15

Specific volurno electrical resistance, ohm-cm

at 20e'C * . . . . . . . . . . . . . . . . . not less than I x 1013

at 200'C . . . . . . . . . . . . . . . . . not loss than 5 x 108

Electric strength, kv/n• . . . . . . . . . . . . not less thnn !5

The fluorinated rubhers MF4 and 2F4M based on fluoroacrylate polyrers,

are vulcanized by anines at 154*C for 30 mtn in the presence of sulfur, The
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resin is made by mixing 100 parts of fluorinated rubber by weight with 35 parts

of lampblack, 1.25 parts of triethylenetatrarmne and 1.0 parts of sulfur

(standard recipe). The vulcanized rubbers formed have the properties shown

in Table 42.

Legend for Table 42:

A - Properties; B - Fluorinated rubbers;

I - Limit of strength under tension, kgf/cm2 ; 2 - Relative elongation

at rupture, X; 3 - Shore hardness; 4 - Swelling in benzene, %;

5 - Temperature linit of useOC.

A I N2

/rfpeAea'npo'IocT npi paHOcjKeii.
I/c r • ' .' .' '*** * '84 70

.OT1ocwre1uLJoe YAWMMOHIC npH pa3.
pue. % .............. S60 400

"MTsepiocTh no liopy ........ 52 52
4-Ha6yxa11;eC 0 eH3o.Ic. 9 19
5"TerncpaT)'pbiuc npea.•ou npiumiwe -" ..

!.AR. C'C".......... ... CT 0AO +200 oT -50 .O' +200

Table 42. Physical and nechri'ial properties of vulcanized rubbers
based on fluoroacrylate rubbers.

Fluoroacrylate rubbers are apprep'iUbly ;.iore stable than ,iti.'le rubbehrs.

but they are somewhat lesn stable thart vitone and fluorel.

Fluorosilicone rubbers. The chcrnIcal stability of silicone rubbers,

which are characterized by hiM' therr'.l stability, rey be increased by

fluorinAtio- them. The fluorosiliccn? rubbers obtaied (for example, $ilastic

L-S.5, a rubhbr bn:;ed on tr! • iuoropropylnothyldchlioro.ilane) have satisfactory

strength proportle.i, elasticity at low toml.cratures and increne.od chori.,al
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101
stability (Table 43).

Legend for Table 43:

A - Aggressive medium; B - TemperAtureoC; C Change of volumre, %;

D - Change of hardness;

1 - Acetone; 2 - Aniline; 3 - Oil; 4 - Same; 5 - Carbon tetrachlor-

ide; 6 - Ethanol; 7 - Xylene; 8 - Nitric acid; 9 - 10Z; 10 - concen-

trated; II - Sulfuric acid; 12 - Sodium hydroxide; 13 - 50%;

14 - Decomposes.

A -[

Arpeccurnkas; epej.a 6C.3 T',)j T1

I AUTroH ....... ......... . 24 +81 -21
I Amwn .......... . .. . .. 24 +4 - I
.3 Mac.1o ....... ............ 150 +4 -6
J'To we .............. ... 200 +5 - 14

"lmpexxiopu-Tw ynnepoa . . 24 +21 -6
M3ml•!•'onui1O CHiUpT ........ ... 24 +5 -2
7 Kc....o ............ .70 +21 -8
M'Ao•.xw •OTaa *'***

I 10%-Iiag ........... 24 '+ 1 +2
/,;'Ko1ueLCTP1,o1Br an . .. . 24 +4 + I

/J' Cepiana K:cJo~a
7 10%-Hano ............... 24 0 0
V.. KOH Tp1.Ma .... ...... 24 /4 Pa3pybaeTcU

A rsippoomic,. HaTpUR
/1O%.-aa .. . , *. . . 24 -2 -4

1350%.iiag .. .. .. .. ........ 24 + 1 -4

Table 43. Chemical stability102 of stlastic LS-53.

Like other fluorinated rubbers, flunrosIlicone ruhbers are vulcetnized in

two stages: at 150"C under pressure for 1 hr and ot 2000C iii an oven or thor1r:o.

stat for 24 hrs. The vulcanizing agents are peroxides.

SIlastIcs hIva good oil-gasoline stability anJ are 7-10 times more resis-

tant to solvents (isooctano, xyle:o, carbon tetrachlorle) than diriethyl1sox.

ano resins.
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The physical and mechanical properties of silastic LS-53 are listed below:

Density, g/cni3 , . , , , , , , . . , . . • . . 1.4

Limit of stren-th under ýension, kgf/cm2 , , , 70

Relative elongation, % * e , v , . , * , 55-60

Shore hardness , , , , , , , , 170-200

Brittleness temperature,bC . . . . . .a , 68

Useful temperature range,OC , , , , , , , , -.70 to +260

Data on the chemical stability of KhSPE and fluorinated rubbers in var-

ious meadia are given in Chapter III.

Polyurethane rubbers. Polyurethanes are very promising polymors which

also can be used to obtain rubb-r. They are products of the polycondensation

of diisocyanates with high-molecular-,e!ht glycols47"50

Polyureth'ne polymnrs are used to rake elastic, water- and wear-resistant,

colored-lac" Jer protective coatings for metals, leather, wood and other

materials 1,4

Domiestic Industries produce the following lacquors based on polyurethane

polyrner•: U'R-71, UR-930 (VTU P-120--60); priner UR-01; electrically-insu-

lating lacquers 1L-i and UL-2 and scaling compounds ",-30, K-31, KG-102,

KC-102, etc. For tropical cliriatic conditions, the following opoxide-urethane

coatings are reco:mianded: lacquer UR-231 (V'1) CIPI 4-337--61), lacquer U'-31

and priicer V'i-02. These lacqu.-rs are distinguished by high water-resistan!c

and good protective propertir~s. Thr• are superior to rpoxidc coatnigus ilt

this renpact. Depeadin.n on thoir co;iposition and pro:'ertie. polyurethane

Inc~vierrs may hird&n at ordinnry rerature. or at el,.vated tcp,,raturcs.

Polyuiothlint, rub1bcvrn are produced abroad under tho tndtina'.i-.. vulcollaj,
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idiprene, vibratane, vulcaprene, estane, etc. They also display a wide var-

iety of physical, chemical and mechanical properties. Some of them, ruci as

adiprene L, for example, arc obtained in the form of liquid polymers which

are used to make the dr 'Ied products by castitig or molding,

Other types of polyure.thane rubbers can be made into elastic resins with

ordinary equipment and can be vulcanized with sulfur and peroxides.

In the USA they produce four types of urethane rubbers, classified

according to their properties and methods of forming:

1) liquids, suitable for casting in molds with subsequent thertochemical

vulcanization (adiprene L, neotane, multratane);

2) regular urethane rubbers, processed on equipment used for ordinary

resins (gentane, vibratane, certain brands of adiprene);

3) estane thermoplastic rubber, suitable for extrusion or r 1ding (brands

5740XI, 5740X2 and 5740XM);

4) texin scorched thermoplastic rubber (brands 1921, 280A, 355A and

others), suitable for prassure-casting and extrusion at ten:pratures which

guarantee complete vulcanization (150-.i70t anW higher).

Polyurethane rubbers adhe-e .311 t-) metal!, cat. bc used in the liquid

state, and can be vulcanized In air oy tne open rnthod (with or without heat.

Ine), These valuable properties w.ake tho' useful as coatings: seallng,

wear-resistant, abrasion-resistant, and for protection against fuels, oils,

solvents and verlous chotilal rodin. Fspe'inly attractive to Investigators

il thz pezsibility of cbtainia voAtiih.gs viLh hign resistance to erosion and

abrasion, since the wcar-coof[Iclent of urethane toitings Is srplrecinbly

lower (60.0) thna chlorinated rialbar (220A) or opoxide (1904) coatirg... Infor-

mation is available on the use of vulcollnns for wcar-rcslntant coating:, on
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the protection of interior surfaces of gas tanks and other containers in

chemical plants with polyurethane resins, and also on the production of pipe

coated with these resli 1. This pipe, which comes in diameters from 76 to

254 m and lengths up to 914 mm, is used for transporting abrasive materials:

sand, suspension4, dry chemicals, etc. Polyurethane resin coatin;, of piping

systems are 6.4 mn thick; they are resistant to aggressive gases. According

to the available data, polyurethane elastomers are stable at 20 and 60 0 C in

water and in solutiors of atmonium nitrate, ammoniun sulfate, sodium chloride

and sodium hypochlorite. They swell slightly and corrode In solutions of

Dotassiumn bichromate and in hydrogen sulfide. The coatinZ are attacked by

dry and moist chlorine, as well as by the following acids: nitric, hydro-

bromic, sulfuric, hydrochloric, phosphoric, chromic, hydrofluoric, chloro-

sulfoliic, lactic and acetic.

Data on the stability of polyurethane resins in IOQA butyric acid are

given below:

Swelling at 220C, % . . . . . . . . . . . . , . . 1.3

Change of relative elongation, % . . . . . . . , 10

Loss of strength, % ° . . ° . . . . . . . . . , . 23

Polyurethane elastomers are completnly stable in the following organic

=,dia: gasoline, glycerine, vegetable oils, aliphatic hydrocarbons (propane);

they are sufficiently stable in glycols, butanol, ethanol, 37A formaldehyde,

tatraethyl lead; they dissolve in acetone, benzene, amyl acetate, carbon

bisulfide, carbon tetrachloride, methanol; they swell eppreciably in toluene

(43:) and In trichloroothylene (1704).
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Colored-lacquer Materials 51 ,52

The selection of colored-lacquer materials, which includes primers,

fillers, lacquers, paints and enamels, is extremely large. The nonmetallic

polymeric materials of this group are designed to protect from atmospheric

"effects (surrounding media), chemical .-edia, water, gasoline, oil, high

temperatures, and also to serve as electrical insulation,

Colored-lacquer coatings* are divided falto two groups, according to the

* In the choice of colored-lacquer coatings, it is very convenient to use

the machine-construction standaid .IN 4200-62.

climate in which they are to be used; temperate-continental and tropical.

Until recently, the chemically stable colored-lacquer materials used to

pýotect metallic Items from the direct action of chemically aggressive media

consisted mainly of perchlorovinyl resins and, to a lesser degree, phenolic

resins and bitumens, During the past ten years, epoxide resins have begun to

be used for protection from corrosion. These materials have high chemical

stability in acidic and basic media and in solvents: alcohols, aliphatic and

petroleum hydrocarbons, aldehydos, benzene, etc. In addition, epoxide mater-

slals can be hardened without heating and they withstand appreciable (up to

1208C) operating temperatures.

In choosing a coating for the protection of cquipmnont, it is necessary

to take Into account the operating conditions (constant or periodic exposure

to chemically aggressive redia). The Intermittent action of a medium on a

¢oWored.iacquer coating is less serious than constant exposure to the s•diul.

Depending on the coating selected, it mAy Inelode a primer, filler,
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enamel and lacquer. Thus, porchlorovinyl coatings, as a rule, consist of a

primer, enamel and lacquer; epoxide coatings consist only of a prinor or of a

primer ard enamel; phonolic (bakelite lacquer) coatings consist only of a

lacquer with filler; and divinylacetylene (othinol lacquer) coatings consist

of a primer and lacquer with filler. The colored-lacquer materials which are

used to obtain chemically stable coatings54955 are listed in Table 44.

Legend for Table 44:

A - Drying conditions; B - temperatureOC; C - time, hr;

D - Strength and elasticity characteristics;

I - Materials based on epoxide resins;

2 - Primer-filler; 3 - Red-brown; 4 - Enamels; 5 - Green; 6 - Hard-

ness by pendulum, not less than 0.5; 7 - Cream; 8 - Lacquer;

9 - Colorless; 10 - Filrms with high mechanical strength and good

achesion; 11 - Light brown;

12 - Materials based on perchlorovinyl resins;

13 - Primer; 14 - Elasticity by scale of flexibility I rmi; 15 - Var-

ious; 16 - Strength of film in flexure by scale no more than I rmm;

17 - Film mechanically strong; 18 - Green and white; 19 - Gray;

20 - Materials based on phenoliu resins;

21 - Bakelite resin; 22 . According to cond1rions;

23 - •:Aterials based on divinylacetylene polymers;

24 - Ethinol lacquer;

25 - Bituminous matorials;

26 - Acid-resistant lacquar4ll; 27 . i6Inck; 28 - Elasticity by scale

o• fleylbility 3 mm; 29 - Bituminous lacquer 67; 30 - Coal-tar laLquer;

31 - Strcngth of film in flexure by scale no more than 5 =n;

32 - Nnterlals based oti rubbers;

71-



~. IlP0911M C.YWKII

Mafepu.¶ r 1or V C~1I

Pa. C .

/ l:arttpuanu na octiooc onowidiu8tx ri.110

2.opirrwnavieai~a
3.4020 BTY KY 49u---57 Kidoi3wlcnt 18-23 24

E3.4021  BTY KY 498--57 y ,'rflHfI 8
50-60

0311-4171 TY qHK 21-57 3ejiei~jfl 120 2 TsePAOCmb no M3a11TEIIIKY, He
OF1, 1 1, cuce 0,5

0311.4173 TY PH1 U2-57 Kpectow.Tf 7 120 2 To ),c,5,,,: c

3.4001 BTY VXI103 BeýC1cTIIUAf -1 120 2 Ibcrr1KII ObICOKerl NCXamjq -C-
I-I KOrZ JlpOtInOCTII C XOPOiiICrI

aAr!E31fAf
-3-4100 TY 51H 35-58 Clserii.F101op)IItIIIC111,1 150 1+13

/2.Mainepuahu Ha ocnoce 1IepXPopGUi1UAr0cb!X CA10A

13 Fpyirr XCr-2G rOCT 7313-55, KpOCHiO- HOPI ILI!ii BW 18-23 2 4i 3..aCTwIqjocm no tuio., ri!6-

4ýWaaui XC3 rOCT 7313-55 PaM~IMIquf 15f 18-23 1 q~ 11PO48IOCTI. njaIKU rIpIII 0ITIC0
01 .i TY MX!] 22r' 9;0 [-,Him 60 0,5 //-no tuKa.nC He 60.1ce 1 nm~

ARKI XC-3 17OCT 7313-55 BecIuseilbirI 1 18-23 1 To mc
r]IMI 60 0,5

I1xB-52 TY AmX! 3359s-52 To c: 18-23 1 11.e~iia mCX~I1ivi'cKI I!ro;;lf;!ýl

O~l t~ H.111 60 0,5 :
OH.1-1X-3 TY AIXri 1250-48 10 18--23 3-
XC-75 BTY KY4134-55 3emitiuf it 6enbitli 18-23 4-
XC-76 rOCT 93b5-60 BccItecmufl ý 18-23 2 nftlo'IOCmI IJ.1CEHF J1p!I 13r88U

14 rilmn Go01 no WK1.1c fie 60.1(.cC 1
43 rnalb XC-710 rOCT 9355-60 Cepwifi 1ýj 18---23 2 To )ie

60 1 51

;7aAIaonepuaaWu Ha oicc'ftc (po.L-b!x Csmo

21IaW' 6a3c.IzTOBNAJ - 7CT 901-56 BeUTN 110ci~~~~ ] pemiwy2

2 Marnep:.:oAtd na ocnot~e 01811RIýn..;.7qe11WflHe~Oc&X no.r~u.s.epor

271aiJ I.IN O~ STY1ot i X! A im 237- -57 F'ccwte-m:'fl 1; IS--23 1 12

4 K;Icamouc-ro~iKIIA rOCT 1347-41 I-lepwi'l :7 *18-23 48 -).1a,-TJNH0CTI, no IiiKa.IC 1`1i&
ahK 411 IxocfI 3 mmu -ý'

IL/JI3K 61ITY1111A 67 rOCT 312--43 Lleplgifl /1! 1$-23 2 9.13crIRliOCTb no twi.a11e m6i-I Komih 3 xmiý5.JIfK "aICHIjIIYC'O.bHL~n r'rci :. 709-60 tlepitufl 217 18-23 24 !lPoi;:OCrI1 .fk:CWII 'Ip:I WrIC15C
315no i:IKa.I.: Me &1ec 5 atx:

!_2 Marncp,, w~ ma ocno-eA

~3.za.',h 55 11.1 OCHOUC I ISO I-

~ X.~pie~.t~t -- 18--23 24 -

Table 4.4. Character istI es of colo-,~d-1ai-uer irr~ sused to obtain
ChOU1icAlly 8f:Ahl@ C03tillZS.5

.72-



Legend for Tnbl 44 (con't):

33 - Enamel 55, based on SOI rubber; 34 - Chlorinatod-,'AT; 2r lacqjer.

Polymeric Cementing Materials

Cementing compounds based on phenol-formaldchyde resins, under the name

arzamite cements, are used widely for fettling work. They are used as an

Independent fettling material or as a sublayer for sealing joints of Inlaid

linings and for cementing faolite, antogmite and othcr plastics. Arznaiite ce-

ments are made up of two components: arzamite-solution (that is, phenol-

formaldehyde resin) and arzamite-powder, which consists of a filler (quartz

flour, silica, barium sulfate, graphite) and a catalyst-setting-accelerator

(paratoluylsulfochloride). The components are mixed within an hour before

using, since these cements set quickly (in a day at room temperature and in a

few hours at 70 0 C). At present there are seven well-known grades of arzamite,

differing in their resistance to acids and bases, thermal conductivity and

thermal stability (Table 45). Arzamite-6 is used at temperatures up to 160-

IROTC and the other arzanites can be used at temperatures up to 120 0C.

Legend for Table 45:

A - Grade of arzamite cement; B - Limit of strength under tension,

kgf/cm 2; C - Adhesion; D - to St. 3, protectiie sublayer; E - to

Impregnated graphite;

I - Arzamite; 2 - As acid-resistant cenent; 3 - As acid-base-resistant

cement; 4 - For cem,•nt which i.; resistant to hydrofluoric acid;

5 - As acid-rosistant and hent-conducting cc:--nt; 6 - As acid-bose-

resistant and hact-conductinpg cenent; 7 - As acid-rcsistant, heat-con-

ductin- and thcrrnlly-stable (up to 160-InOt'C) ccriont,
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with insidG diameter from 50 to 300 nii and wall thickness from 6.5 to 13 mi

(brands Fl and F2), is used in the chemical industry for transporting weakly

aggressive media, Brand F1 plywood tubing is dosigned for an opeiating pres.

sure differential of 10 atm, and brand F2 is designed tor a pressure of 5 atm

with tubing diameter 100 mm.

Carbon has very high corrosion-resistance, but it has not been widely

used in equipment-construction, mainly because of its low strength. Since it

is a porous material, it is used to make filters, gas-.mixing diffusers and

other items of a similar nature. Carbon tiles and fettling blocks of anthra-

cite and pitch (Tsh.ITU-48) Are used for lining large-scale equipilant, for

exumple, digesters for tho cellulose-paper industry. Table 46 shows the

physical and mechanical properties of carbon*

Legend for Table %6:

A - Basic characteristics; B - Graphite; C - untreated; D - treated;

E - Antegmite ATM-i; F - Graphitolite (for caitlng); C 7 Carbon;

I - Density, g/cm3 ; 2 - Limit of strength, kgf/ct12 ; 3 - under compres-

sion; 4 - under tension; 5 - In flexure; 6 - Thermal conductivity,

kcal/m-hr-deg; 7 - Coefficient of linear thermal cxpanslon;

8 - Temperature limit of use.

Gr~ajhLte has good thernal conductivity and high chemical stability. It

is used as a structural r.vatorial In thc proeuction of chemical apparatus ,5 56-58

and hoat-exchango equipir.nt. Since natural graphite contains Irnp•irities. the

chenleail industry uses syr,•!-tic electrode graphite, with porosity of 20-304

end som4tlmes as high as 50i,.

In order to ellmtt.te- t:,c porosity or V.-.phirk, it is Impreir,"ted with
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AT A Tp fromTno,~n3•rc.n, iwrijonnJ. npow[wrzasl-" A.TMrI~ 4rIIT YrOJ~o

fn •onocn,, z/c.i, 1,45 1,8 1,8 1,1-1,2 1,04
zfleFpeAeu 11poniloc-

Tit, AKzc/olt4

. ; pu Cm.IT111 173 850 1000-1200 900 21-53
4 IIyI pcTR-

WHIM .. 67-70 140 180-220 100-110 5,6-13,3
1Z1pil 313rii6c 113 311 400-500 ' 300 11-42

/ Tenmonposo,-
IlOCTb,

AIxa,•i(,At.i .zpaO) 75-100 75-100 30-35 0,2-2,0 1,5 5,2

TCpi4II4CCKoro
juiniitie oro pac.

/ a.104 2,0 7,5 8,5 - -
•' Te,:rmeparyplu ii

DpCAeI- flpitme
1ICIIBSR, "C - 180 170 10 -

Table 46. Physi,ýal and mechanical properties of graphitic materials and carbon.

synthetic resins (mainly phenol-formaldehyde). It then acquires high mechani-

cal strength and impermeability. It is used to make heat-exchange equipment

of various types: submerged, sheathed-tube, t|tube-in-tubetI and block.

In addition to heat-exchangers, graphite is used to :.iake absorbers and,

sometimes, centrifugal and rotary pumps. It is also used in the form of tiles

for fettling chemical apparatur,

Plastics based on graphite have been used widely in the chemical indus-

try. A particular example is antegmite, in which the binder is phenol-forzm-

aldehyde resin and the filler is powdered electrode graphite. Anteginite is

forried by compipsslon-jioldinig ir high te;npcratures and pressures. There are

three familiar brands of anteGrilteo- ATI-, AT.J-lO (r:TE.,!-O) and ATVI-lG

(TATF.M-C). Most con-on is AT'.'.-I, which is used to i.:ko tubing (VTff "-234__

54), fettling tile (V; :.h!' -367--55)and centrifugal, horizontal, si31gle-

stage pumps with ztoving parts of AT!-!.
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The thermal conductivity of antegmite is three times lowor than impreg-

nated graphite, but appreciably higher than other plastics. The coefficients

of linear expansion of ATM-I and stool are similar, which is an advantage in

the fettling of steel vessels with ATM-i tile.

The graphitic plastics also include cast-graphite or graphitolite, which

is characterized by high fluidity. For this reason it is used to make itenm

by the so-called method of cold casting in closed or open molds, without pres-

sure and at ordinary temperatures. These items include valves, centrifugal

pumps and other objects with complicated shapes which cannot be made of im-

pregnated graphite or antegmite. Graphitolite has the same chcmcal stability

as graphite and ATM-I, but, in contrast to the latter, it has almiost no

thermal conductivity. There are three well-known brands of graphitolito:

NL, 2FNL and 5EFNL, which have different properties and are used for casting

and fettling. The properties of brand I1L graphitolite and other graphitic

materials are listed in Table 46.

All graphitic materials are distinguished by high chemical stability.

They are attacked only by basic media and by halogens: bronine, iodine,

fluorine (they are resistant to chlorine). Graphite and grcphitic plastics

are used not only for the construction of chemical apparatu~s, but also as

antifriction mnterlals.

Impregnated graphite is produ.aced abroad under the tradenamos carbaite

(USA), isgrite (R00, diaboa (FRG), etc., and gra-hitolite under the na:me

gussIgurite (MDR).

Nonmotallic •aterials of Inorzanic Origin

Those are ruilnly feLllIn ntkd acces'•or) r.terialsq. , nIure 16 shows a
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rough classification of these materials and their physical and mnchanicel

properties are listed Ii, Table 47. The natural acid-resistant materials In.

clude substances consisting chiefly of silicon dioxide, which is responsible

for their high chemical stability in most ag-ressivi ,edia. They are attacked

by flMtorino compounds and by caustic and carbonate bases.

Legend for Figure 16:

I - Nonmetallic materials of inorganic origin; 2 - Fusee maerials;

3 - Sii~Cae uatorlals based on cements; 4 - Stone cast frotu diabase

and basolt; 5 - Fused quartz; 6 - Cements; 7 - Concretes; 8 - Sili-

catq glass; 9 - aa:%.els; 10 - Plasters; 11 - Ceramlc materials;

12 - N~atural acid-resistant materials; 13 - Acid-resistan o m.terials;

14 - Refractory materials; 15 - Granite; 16 - BeshLaunite; 17 - Thin

ceramic; 18 - Asbestos; 19 - Andesitc.

S/ ',J •'JtL'•TI,7A

_ _ir I e .

[• i 1

.[7

L
Tr,~*z. ,; ...~... -. j r ---- .......

Figure 16. Class Iflcitio:i of iný:u-talllc iatcrilnl of !nzorgan•c ovlIn.
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Legend for Table 47:

A - Naterial; B - Density, g/cd3 ; C - Limilt of strength, kgf/cn,;

D - under tension; E - under cop..ression; F - in flexure; G - %later

absorbance, %; I1 - Porosity, %; I - Temperature limit of use;

J - Thermal conductivity, kcnl/(m-hr-deog); K - Coefficient of linear

thermal expansion.

1 - Andeslte; 2 - volumotric mass; 3 - Beshtaunite; 4 - Not less than;

5 - Not more than; 6 - Granite; 7 - Diabase; 8 - Basalt; 9 - Quartz

glass; 10 - Glass 13 for tubing; 11 - Therrmostable borosilicate glass;

12 - Acid-resistant enamels; 13 - Acid-resistant ceramic tile (GOST

961--57); 14 - Porcelain; 15 - AndesitIc plaster; 16 - Diabase plis-

ter; 17 - softening tem'perature; 18 - Sulfur cement; 19 - Acid-resis-

tant concretes; 20 - Appreciable;

21 - Yu. V. Dereshkevich, "Acid-resistant Structures in the Chemical

Industry" 59;

6022 - Handbook for special operations

Granites are used in the construction of absorption towers with media

temperatures up to 200-250*C. Beshtaunite aind andesite, which arc highly

acid-resistant, are umed excltisively as fettling materials. They are resis-

tant to inorganic acids and aggressive gases at 800-900C. In addition,

beshtaunite, like granite, is used in thie ,'onstruction of acid to-.,-rs anm!

andesite Is tued widely as a filler in ceno.nting copoun(,.

The acid-rcsirtant oi.'terial ainb~stos Is v!ved as a filler altd In nask-t:z.

packiai', mnd filte!r cloth. Asbestos is clns,;,.fied a! aimthophyllitic (acid-

rcslstamrt) or chrysotilic (i .re set,! In hnIc r,(.ia)o
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K
Fused silicate materials include diabase and basalt cast stcne, used in

the form of tiles for fettling (VTU MRhP 9029--55) and, more rarely, for making

components of chutes, piping system-s, sleeves, and spheres for ball mills.

These strong, hard materials with high cheoical stability are brittle and

cannot wlthstanJ rapid temperature oscillations. Quartz glass (fused quartz)

is molded into containers, tubing, of columns Pnd absorbers and

sometimes it Is pressed into fettling tiles. Silicate ,1czs is used to make

fettling tiles and es a structural material for tubing (COST 8.94-V'), elbows,

tees, condensers, fractionating coluirns and other equlpment.

Borosilicate ajns has increased therrial stability, so that tubing rmse

of this material can be used in the temperature range frori -50 to +400"C.

However, it must be remembered that glass of any composition is attacked by

hydrofluoric acid and concentrated solutions of bases (with the exception of

special base-resistant glasses).

Acid-re:istant enamels. Vitreous thin-layer coatings are subdivided

into two groups: prirors and coverings. The thermal stability of these

enamels can be as high as 300-400'C. Dom estlc industries produce a variety

uf enameled Itens which are w7idely used In chemical processes. These items

have high corrosion-resistance in all organic and inorganic media, with the

exception of fluorine compounds and hot concentrated alkali solutions. The

principal kinds of ena.meled chemical equ1pment are: storage tanks, with and

without lin~ius, various types of reactors, autoclavos, vacuum apparatun,

evaporatlug pans, Ihtit-exchanners (coil, "tube-in-tulio" or "vennell-In-ves-

sel"), condensers, 6hoets and ca;is of fractlonrting coltruws, various

filters, crystallizers, rixkrs, pipe and flttin.-s, v.alves. and other equip-
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Ceramic acid-renit-tant and refractory items are made by nolding natural

silicate materials (basically clay with certain additives 6 2 ) and then anneal-

Ing until sintering Is complete. Ceramic materials are subdivided into two

groups, depending on the degree of water absorption: stone-ceramic and porce-

lain with water absorbance less than 5%, and refractory and filtering mater-

ials with water absorbance greater than 57A. Ceramic materials of the first

group are used for fettling tiles of various kinds (acid- and heat-acid-resis-

tant, ceramic , heat-acid-resistant for hydrolytic processes) and as

structural materials for the fabrication of chenical equipment. Materials of

thp second group are used for filters and furnace linings. Ceramic heat-

exchangers, pumps, reservoirs, reactors with stirrers, ball rills", blowers.

piping systems, valves, fittings, ceramic caps for absorption towers and other

equipment26,105 are used in chemical processes when strongly aggressive vndia

are involved.

Porcelain is a thin ceramic material which Is hard or soft, depending on

the annealing temperature. Soft porcelain has less strength and thermal

stability than hard porcelain.

Hard porcelain is used to make fettling tiles which nre distinguished by

Impermeability and high mechanical strength. It is elso used for various

Itetas of small volume (up to 500 1) and div'onslons: vacuuLI apparatus, con-

talners, pickling baths, coils, valves, tubin2 6 , filters, pump covponents.

etc*

Silicate cemeits are chemically stable naterlals which include plasters,

coments and concretes. They are coitipound: .which connist of a finely grotind

mineral filler and the ccnecnt itself (liquid glnas or bitu:cn). The fill&,rs

used are gravel, sand, an(-nito, besht'aunite, quartz1tv (podAcred quartz),

diabase and basalt.
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When the filler is mixed with liyild glass (aqueous solution of sodium

silicate), sodium fluosilicate is used to accelerate setting.

The silicate acid-resistant plasters are divided into the following

categories, depe.nding on the form of the filler: diabasic, basaltic, ande-

sitic and litharge-glycerln. The last type contains lead monoxide or red

lead in addition to andesitic flour, and the liquid glass is replaced by

glycerin.

Cements are classified as ordinary portland cementi, aluminum sulfate

ceiwents, acid-resistant cements or sulfur cor.%nts. Sulfur oem*nts differ

from other types in composition and propcrties. The binder is replacod by

molten sulfur and a plasticizer (thiokol or thermoprene) and the filler, as

usual, is a finely-ground, acid-resistant mineral. Sulfur co.ent is resis-

tant to mineŽral acids and solutions of their salts.

Concretes. Acid-resistant reinforced concrete is used for fettling

apparatus, for laying foundations under pumps which transfcr acids, far

covering floors and subfloors, and for constructing large-scale apparatus,

such as towers, tanks and vats.

Fireproof reinforced concrete is used at high temperatures. The rein-

forcement is rolled plate-, bar- or section iron of carbon steel (St. 3).

Polyix'r-conerctes are now becoiing, avillable. There matcrials are ob-

tained by co:mbinine. mlneral cer:ints (cc: :oit, j, gypSuV, 111 71e) and f i llets with

organic polymeric binder!.. (resins, rublkr!;, polyvinyl chlorirle, etc.). One

example is faizol-concrate, which is b.:i;cd on furfurol-tcctone resins of

various comositlon5, depencliti on the itit(:nded use. A reanoent such n5. b-n.

zenestulfonic Acid Ifi. u,:ud for scttin-,, fai..il, *'oly:!Ce'-crc.crCtcet r,'v be used



as coatings or for reinforced structures.

Nonmetallic Protective Coatings 6 3 6 5

Nonmetallic corrosion-resistant materials are used not only for struc-

tural items, but also for protective coatings.

The protection of metals with nonmetallic coatings is accomplished by

various methods, the selection of which is determined by the structure and

shape of the equipment to be protected and the conditions under which it is

to be used.

Plastic protective coatings, 2Xetallic equipnent Is protected by coatings

of, for example, viniplast or polyethylene (a film of the plastic being used

is glued onto the apparatus or it is fettled) or by Inserts.

Viniplast film Is attached by means of perchlorovinyl cement (a solution

of perchlorovinyl resin in dichloro:thane, stabilized by molamine). The

cement is applied by brush or by spraying in 2.3 layers onto a metallic sur-

face which has been prepared, degreased with dichloroothane, and dried.

The protection of apparatus with inserts is more reliable than coating

with films. Irregular and cylindrical parts are tvade by molding thermoplastic

sheets, which are heated to the appropriate temperature and bent by means of

wood or stoel (for large sizes) ferns. Irreg'almr parts of inserts are mado

with special mndrels or co~nresslon troldn and th: |rolded parts are weldc-!

together, The completed insert is plnced In the rotallic, woos or cotýieLe

vessel, leaving a sp3co between the insert atind tho wil!-. of tho Vj* A

solution of liquid co',nt is poured into the spic-. dirc-c. v cr t'rVai•

special holes in a steel apparatus. The in:t'o t•'1- i', ':c-r f.I,'

the solution is beln7 poured in.



Inserts prepared by this method can be used only for smiall-scale appara-

tus.

In fettling, plastic plates (of viniplast, for example) of thickness

2-10 mm are fastened to the body of the apparatus by bolts with spherical

heads. Each bolt is secured by a nut on the outside of the apparatus, On

the inside, the slot of the bolt is filled in with acid-resistant coeent and

9
then the entire head is sealed in with thermoplast o

Small-scale Items, such as cast-Iron valves, are coated by pressing-in

thermoplast powder, heated with a special device to the required temperature.

This temperature Is 150 0C for polyethylene and 250 C for fluoroplasts. In

this method the body (seat) of the valve forms one part of a compression mtold

and the plug serves as the other. This rethod is used to line cast-iron plug

valves with modified polytetrafluoroethylene (fluoroplast-40) and other fluoro-

plasts. Techniques have now been developed for the production of tubing

lined with viniplast, polyethylene and other ther:;oplasts (vru 289-62)26,66.

Protectlve coatings can be obtained with thermoreactive plastics by depositing

the green mix on the surrace and then setting It by heat-trctrrient. The

materials most widely used are faolite, textolite and asbovinyl 20'2492567,

The preparation of faol!tc protective coatings for steel and cast-lron

apparatus (fnollting or fettlin-) is done In the folloulng way: shoots of

rat? faolite, cut to the ditw-Žnslons of the apparatus and preheated to 60C,

are covered on one side with an elcohol sol.tlon (15:) of resol resin (or

ba!celite lacquer) and applied to the surface of thr appazratus, which has been

coated with the sa:- solution. The sheces are pressed and caref-ully rolled

to re,,ove' air fro,. the fnolite- loyer (th. rem-iiiing bubbles ar- punctured and

rolled a.aln) Suhlel:-.:nts are assc-ibled wlth butt- or o'erlappling Joints.
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After the surface has been covered with faolite, a coating of bakelite lacquer

Is applied and the entire apparatus is placed in a polymorizatlon chamber for

setting. The temperature in the chamber Is increased gradually from 60 to

130D, with a pause after each increment of 10C. The setting process nor-

mally takes 30 hr, although !t may require 60-70 hr for large-scale Items.

In the faoliting of shut-off fittings such as faucets, heated raw faolite

is compressed in removable molds and then Is set by the m~thod outlined above.

Using this procedure with wood or netal molds, raw faolite sheets can be

formed into tubing, Column8 and other items. The molds may be split or

sectional.

For the protection of chemical apparatus with asbovinyl coatings, the

asbovinyl compound is applied with a spatula to the prepared surface of the

apparatus as a primer (layer of thickness 2-_t ml). A seccnd layer of thick-

ness 3.4 mm is applied after the first has hardened, and a third layer of the

same thickness Is applied after the second has hardened. The surface being

protected and the first layer of asbovinyl receive two coats of ethinol lac-

quer. Under natural conditions, each layer of asbovin:'l dries in 5-6 days

and the final setting process requires 20-30 days. The drying time can be

shortened to 10 days by using warm air (40-50'C).

Coatings can be prepared fron powdered polymrilc materials bV two

methods: dusting by gas flai•o or vortex and depositing from suspensionn.

The materials used with the dusting method are malikly plIstics and occasion-

ally rubbers (when they can be obtained In the foria of finely divided pown-

ders; for example, thiokol). For gas-flat;: dustiii on an Industrial sccle

the vaterials ,.sed are polyethylene, polypropylcn and polyrmiLds,. Eowovcr,

it is also possible to use fluoroplast-3, polystyrene, polyvinyllityral



(butvar), semisolid epoxide resinis and other polymers. Gas-flame dusting is

accomplished by means of special dovicos 6 8- 7 0 , such as UPN-4L.

Sections of the metallic surface are heated wlth an acetylene flame to

200-210°C (,or dusting with polyethylene) and a stream of compressed air with

plastic powder suspended in it is directed at the surface inside the stream

of burning gas. The plastic particles are heated and nelted in flight. When

they strike the heated metallic surface, they adhere to it and fuse together

to form a continuous, monolithic protective layer. The number of layers

applied depends on the demands to be made on thc coating.

The "vortex" method of dusting consists of heating the Item to' be coated

to a temperature above theý melting point of the plastic and then dipping it

in a suspended or "boiling" bed of powder. This fluidized bed is fo 'ed by

blowing compressed air (or an Inert gas) through a porous diaphragm (head)

which is covered with plastic povder. The suspended powder acquires the

propertle,; of a "boiling" liquid, more then doubles its volume, and freely

envelopes an object irmiersed in it. When the powder falls on the heated

surface it melts and spreads out, forming a uniform, hoxnogeneous protective

film2 0 ' 7 1 -74, The plastic powders used with the vortex dusting method are

the same as thosoý used with the gas-flame rethod.

The m.•ethod of depositing plastic powders frorn suspcnsions is used pri-

marily for prepar!ng fltioroplast coatings. Fluoi'opl1st-3 or fluoroplast-3M;

in the form of a 30/. suspension in an alcohol-xylene mixture can be used for

this purpose, as can a special finely-dlvlded fluoroplast-4ri In the for;, of

ain aqueous suspension. The suspension iR depo.:itecd onto the prepared (by

sAndblastin-.) r'-tallIc curfac- by llo,rinz, dip:!n., or spray ln,-2 0 975"77

ýIhen fluoro:)ast-3 it.nppld by this r,.'thod, eacb iny.:r has a thicktuss
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of no more than 15-20 microns. It is necessary to apply at least 15-16 layers

in order to obtain a coating, and each layer must be dried at 100-120 C and

then fused tovether at 260-270"C. The technique for the preparation of this

kind of coating Is very difficult. The first two layers comprise a primer

and they contain chromic oxide (15'/.) to increase the adhesion. In the deposi-

tion of fluoroplast- 3 suspanslons, ptasticrzers (fluorocarbon oils and

liquids) can be used to Increabe tha thickness of each layer (by at least a

factor of two). rhis simplifies 1ýho coating technique and reduces the number

of layers to 5-7.

After the last layer of fiuo~opiest- 3 bas bcit deposited and fused, the

object is quickly Uzam.rsed in cold water and the coating hardens. 1!o quench-

Ing is required when rodif id fluoroplast-3:l Is used to prepare coatings, and

it is better in this case to cool the object slowly In a thermostat,

The 607. aqueous suspensions of fluoroplast-4D contain from 9 to 12V non-

Ionogenic surface-active agents, which stabilize these suspensions and mrake

the:m capable of wetting a variety of surfaces. The techalqucs and procedures

used to apply fluoroplast-4D suspensions are the same as for fluoroplast-3,

except that the sintering Is carried out Pt a higher tempeoature (370 - 10tC).

During the sinterin- process, the stibiliz.er Is vaporized anc the par-

ticles of fluoroplast-4D are converted into a homiog3'neous film. Sio'; cooling

Is recor!c.,nded in the preparation of fluoropla,-.t-0D coatings because it !n.

creases the adhesion of th, coat1in. Rapid qv,'nchlng ,In vater is necessary

when a free film Is being rade.

A conting i'ide of fluoroplAst-.4) Is appreciably les iipcrn-abl than

one mrado of fluoro:,last- 3 . It can be ured for anti-adh:,sion, anti-friction

and olecrtriclly-innulatInr, purposes and for protection only ar.'i!n:t -t•o::-
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pheric corrosion.

Rubber c noatS.ne The protection of metallic equipment with rubber-based

materials (rubbers, ebonites, sealants) is known as rubberizing. The process

consists essentially of applying the natorials in the forn of crude, unvul-

canized sheets and then vulcanizing them. They are fastened to the netallic

surface by means of appropriate cements. The rubberizing of apparatus with

sheets of PSG reinforced polyisobutylene requires no vulcanization. The PSG

is fastened to the metal with cerments No. 80 and No. 8 without heating, under

ordinary conditions 6 7 ' 7 3 ' 7 9 . PSG polyisobutylone can be applied to concrete,

brick and wood surfaces, as well as to rntals. Moreover, It can be welded

readily writh an electric soldering iron or by hot air with the torches used

for weldiUg viniplasto It can also be bonded by simply wctting the surface

with gasoline and then applying pressure with rollers.

PSG polylsobutylene, reinforced with carbon blacz and graphite, Is used

as an independent coating material or as a sublayer when fettling with acid-

resistant tiles or bricks. It is produced in the forii of sheets with diman-

sions 3000 x 800 x 2.5 rm. Apparatus which Is to be coated with polyiso-

butylene iiust have roeunded (radius no less than 5 r.-i) and polished corners,

carefully-polishld welded seamns and calked, countersunk rivet heads.

Two layers of cenmnt are applied to a surface which has been dogreased,

sandblasted, washed with solvent (gasoline) and dried (the first layer is

allo;ecd to dry for 2.3 hours). One layer of ceoment is applied to a sheet of

ISG ••ich has been trirnt d to fit. After 10-30 min It is jut In place-,

s:.ioothiný, it out froi. center to edge like v:allpalp(wr to renove air bubbles. It

is th-n rolid to prodn:= a bhn.!,

Rubber and e!.onite sheets are also user' for rr08.1rz.•i ,,ratusEO,8.
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Depending on the construction of the apparatus, the conditions under

which it oporates and the aggrcss'ivena-es of the rwiedium, rubbcriz, ing m ay be done

with the following materials: ebonite or semilebonito only, soft rubber with

an obonito sublayor, soft rubber only and vulcanized soft rubber. As a rule,

the materials are folded over and applied to the metal in doubled form or in

layers.

Rubbers and ebonites are fastened to oetallic surfaces and to themselves

by using the cement which has been recommended for each brand (see Table 36).

The vulcanization is carried out in vulcanizing kettles, in which the object

belng rubberized is subjected to saturated vapor or hot air at a predetermined

ji temperature. In some cases the rubberized apparatus itself can serve as the

vulcanizing kettle if it operates under pressuru. This is known as a closed

method of vulcanization.

The Increase of temperature and pressure in the vulcanizing process is

carried out in accordance with a program which has been determined for each

brand of rubber.

It is considerably easier to vulcanize without pressure by the open

method, with hot vapor, air, water or a 407 solution of calcium chloride,

heated to boiling. However, only a few rubbers can be vulcanized by this

method; in particular, those based on nairite and butyl rubber.

A more progressive method of rubberizing is the use of solutions and

pastes. This makes It possible to use the methods which are used to apply

colored-lacquer coatings and to protect objects of complicated, as well as

82simple, shapes . In order that this be practical, it Is nocossary that the

rubbers dissolve readily and form concentrated, but not viscous, solutions

which can be applied, like lacquers, by brushing, spraying, pouring or dipping.
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An example of this type of rubber is chloroprene rubber which has been

previously digested and is therefore readily soluble. This material has a

lower molecular weight thn-a usnal and is called liquid nairite (VTU ]X'-109--

60)(in the USA this type of rubaer is called KIR liquid neoprcnz.) 8 3' 9 6 .

A 67-7C" solution of the rubber mixture is applied to the surface by

brushing, pouring or dipping. The prepared surface is covered with two layers

of chloronairite prlmer (VTU LU-10--61). Each of these layers is aged for 15-

20 min &nd then no less than three layers of liquid nairite are applied.

Each layer Is maintained at 20"C for at least two hours and the final layer

is alloyed to dry for three days.

The coating is vulcanized for 18-24 hours at 100"C and normal pressure

by the open method, in a chamber of any kind with enclosed heating. The elas-

tic rubber coating obtained In this way has a thickness of 1.0-1.5 nm. It has

an adhesion to steel of 35-45 kgf/cm 2 (at the breal-away point) and it has

good protective properties. Sometimes more concentrated (P0-90/:) nairiLte

compounds are used. These are pastes which are applied to the surfaces by

spatulas or sprayers of various dcsigns. Pastes of this kind are used to make

hermetic seals.

In addition to liquid nalrite, liquid low-nolecular-welght rubbers are

used for rubbhoizIn5 from solutloiis or pastes. This type of conting includes

rubt:-r mixtures ba:.ed oi liquId zhio!:ols: heri:et1cn L-30.1 and t'T-31, which

are a:pplie-d to surfaces bexing protected or ,,ld by spidtula or by spravyr.

TlIo!.ol conttn5n ziro vulca-ile•ýe:O Iin air unc'ci ord in-.ry conditlons•. Thlokols

can be used to protcct or ieal not only i.•tals, but also coicrete and othe'r

surface .~41 ,1;4

The pro_-: rt es of vulc.-ir.m ,,d coatLin,. b Or.:ec ol liq,1i1d itairlte and thio!:ol
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hernetics are listed in Table 48.

Le~,end for Table 4C:

A - Properties; B -Vulcaniz~ed liquid nairite; C -Thiokol hermetics;

I - Den~sity, g/cm 3; 2 - Limit of strength uinder tension, k~gf/cin2 ;

3 - Relative elongation, %; 4 - Ressidual elongation,% 5 -Wearabil-

ity, C11! 3/wh; 6 -Brittlencss tetiporature,0C deint te

(through a priner) at the break-aiw.ay point, kgf 1cm2 .

nKI13flr miwr yZ3\. 'rV

I moTHomoc, I/C.'.!. .. . . . 1..3-1,5 1,2-1,4 1,5-1.7
j. rnpeACJ rnpo'ý:oc- i np;i pacTsi-

~cuuz xcf:. 2. . . . . . . 70-90 JO-35. 35-110
0-n oCwreTJuzAoC yXJIMIN1c~,10

200-2ý0 300-400 450-5ý0
-i 0CT3TO'IIICGC y.iic 10e 2-8 2-10 3-10
51HCT11PaC~.%:oCT1, 0010K,111.'-4 430-550 1550--1650 1710- 1970
Tev.uzparypa Xp)yi.;OCTAr, *C -30 -42 -415.An,1e3::Sl X Cr.I.-M (4,ýpc r~PY11T)

Table 48. Physical and mochanicil properties of thiokol herr.etics and
vulcanized coatin.-s based on liquid nairite.

Colored-Incrjuor contin".s. Paintlng with lacquers, enar-,ls and paints is

used nainly for the prot~ct:ion of the cxteriors of che-nical apparntuIs anr1

buildhtigs. It Is used to a lesser dvgree- for Interii.1 protective~ coz,.t1nLrs

for apparattus v~iich Is In contact with ai-iv ica 51,53,

The best r'ethod of applyiti- colorud..1acqtier coatin::-_; Is by sp~yn~with

coniyrcssed air, fed throu_,h1 a spc,ýcial paint pryr.They cc'.n alr;o bc! spread

adequntely by tho s inpie brtish ri-:hod. In Addit-ioii, th! i...t!hojn of dipping

and pouring are uised. Fll1 cr.- Anid p.-1r-.rs; can he af;i1 'cd by :eann. of a spat-

ula.



Two developing Mrthods of applying colored-lacquer inaterials are paint-

Ing In an electric field and the mcthod of electrophoresis when water-enul-

sion paint com,)ositions are used. Paint particles which fall into a high-

intensity electric field acquire a charge and precipitate onto the surface

being painted, the latter having- a charge of opposite sign.

In the casa of electrophoresis, particles precipitate out of an emulsion

under the influence of a constant current which is supplied by an external

source. The mechanisation and autorition of the processes, which are being

Improved constantly, are of great value in obtaining colored-lacquer protec-

tive coatings.

The details of the application technique depend on the noture of the

lacquer 01r cnaTel. Perchlorovinyl contings aro applied In rvany layers, with

Intern-edlate drying and final drying of the last layer for not less than 6

days at room tee:peraturc 7 8 .

Bitutinous-oil lacquers are applied in no less than two coats and the

drying tire of the film at F'-20'1C artounts to 24-4'; hours, depending on the

brand of tho lacqu.'r.

Bakelitoe lacquers are solution, of phcnl-foiw:e•ldchydz resIn In ethyl

alcohol. To obtain che;d-ically stable conti,:,n, thý'y are apllied in 3-4

layers to prepnrcd sutrrac~s .:hIch have tetcn cl,.ancd to a lustcr. The first,

prim.e cot (n1o0:1l ly with a filler) Is appli,,d vith a brusfh an the sub.se-

quont le-.er:! (of ncr'ill paItl: cons Is. i t-cy) 1.,- anipl id by a sprayer. Th.

filler is. atdhd to tlro pr!in:-r In ord-'. to lvrove tho., adh sion of the lacqu'-r

to th'- !:.tal, anMr to th- cov, r|:i, lay, rs In ol-dr not to irnpair th,- v.,arabil-

Ity of t!,. co,".
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Bakelite coatings are dried by gradual heating, with a pause every 10-15

minutes. The first and second layers are heated to 100 C and the third to

130 °C.

Epoxide lacquers and enainels may be hardened cold with polyaminos or at

100-120 0 C with the anhydrides of phthalic or maleic acids. Cold-setting epox-

Ide coatings are most prondsin- for protection from corrosion. Epoxilde colored-

lacquer materials are supplied in the form of two separate compounds: epoxido

fillers or enamels with all of their components, and a settinz solution which

Is added to the first cowpound imnmediately before use.

For fillers E-4020 and E-4021, a 50A solution of hexamcethylencdiarninc is

used as a hardener. Th- setting process takes 24 hrs at 18-20%C and 7-8 hrs

at 50-70 0 C. Fillers are applied in several coats, since the thickness of

each layer amounts to no more than 0.5 trin.

The co-rm.ercial enamels OEP-4171 arid OEP-4173 are also hardened with hexa-

methylenc(dIamine in two hours at 120cC, in accordance with TU. They rmay also

be hardened at room temerature, but a longer tine is requircd (24 hrs for

each coat and several days for the last). Noreover, the protective properties

of cold-hardencd ena:mels are somewhat poorer than thore of ena:ýels which i-.ave

been hardened at higher tempcratures.

Protection with fcttlin(, t1l-s 6 7 . Fettling. vith inlaid rnatorlnls is used

for the protection of large-scale ap,,aratus: tan.•!-, celw,"n;, autoclac.:, nca(

other equipii-_.m-, The first step of the fettling proc-sz is the applicotion

of a layer of pianter, cci-;nt or concr..tc bindcin; .•trial (so-calld filler)

to the prepared 'ietAl surface. After this layer has dried, the fct•tlin- tiles

are enbod,!ed In pl;.strr, w:h ch fornis a layer of th• 'n -ss 5-,' ,unýr the

tiles ancd fills the cra•'k, h, t....r thv-i-, "he fettli w' Is clricd, qal In so:-,
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cases the scams are subjected to acidification (for opc•ratlon in acidic media).

The fettling Is done in one, two or m:iore layers. In ieccentt years there has

been an increase in the use of combination linings, lit which a sublayer of

polyisobutylene is applied to the apparatus baforc fettlin-g.

For fettling they use silicate ni'terials (acid-resistant brick, ceramic

tile, so-called "metlakh" tiles , acid-rEsiscant and heat-acid-resistant

ceramic tile, diabase and basalt cast-stone tile and, less frequ•ntly, glass

and porcelain tile) and also organic materli.ls (carbon-graphite tile, impreg-

nated graphite and anteg-itc). Arzanaitc o, silicate plaster is used as the

bindor and for filling cracks.

In contrast to other mat(.rial& which are used for fettling, graphitic

materials are therrally-conducting, which is a niee.ssiry condition for tile

protection of heat-exchan-e cqulpý:-evt.

In addition to the protective coatings enumerated above, which involve

the use of nonxm"tallic raterials of organic as well as Inorganic origin, acid-

resistant coatings of con',nts c ynrete and bitu,=vnn are also u-.cd33

The protection of cast-iron and steel iteris by enamiveling is of grcat

importance in the construction of chemical apparatus. Thc !Iethods of enarlel-

ing ar, classi.ied Ps wet or dry. A primer e•namel of sp:ecial colnosition is

applied to thc retallic surfacc first. This compxnsates for the vrechanlcal

and therr~tl stre.,scs :hich arisc b2ti.,-en the rmetal a!'l the enanz-,l coating.

Then sev'eral conts (u.sually thrvo or four) of covc.ri1n, cnr..!cl are applied,

with p.,rtial dry•i•,n of each coat ainc final annealim. of the ,n,,anlcd object

at frlS-.900A'C. The ncc,,ssity of azmlc'nl tni li":11ts tln, possibility of enal..'-ing

l.,,-:;calec qui I' ;'n*t



In acTlition to the well-known mrthod of enannclitg with subsequent anneal-

ing in a turnace, a new method of enarling in an electroimgr etic field with

induction currents has become increasingly accepted in recent years, In this

case tix enameling is not done in furnaces, but on automntically-operated

mechanical benches and stands. Domestic industries use this method to pro-

duce enameled pipe with flanges (with dlameters of tvo-thrce inches and

lengths up to tiio meters) vnd matching tees2 6 .

For enameling chemical equipment, special brands of acid-resistant

covering enamels are used: 105, 141, 143 and others. The finished enameled

Items must be tested for continuity of the coatings. To verify the quality

of the enamel (at the tiLe of application), special samples are tested to

determilne the heat- and acid-resistance and several other properties.
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C1 ipter III

CORROS ION-RESI STAICE OF MUTALS AND 1%ONMETALLI C MIMR IAL S

This chapter contains diagrams'132 of the stability of several materials

In hydrochloric and sulfuric acids (Figures 17 and 18) and a table of the

corros ion-res Istance of comition materials In various inorg-,nic and organic media.

too? 'r''

, 0 0 N-1
75 7.

it /7•¼

010 207 X 40

Fig. 17. Diagram of the stability of materials In hydrochloric acid, accord-
Ing to the data of G. A. Nelson (132)(the regions of stability are
shaded):

1 - khastolloy V, tantalum, silver, platinum, monel metal (in thcý absene~e

glass, ýraphlte, rubbers, faolite, saran, nick--l (ini the abs,',nce of air),
monel me~tal, copper, silicon bronze; 3 - khastelloy V, tantaluiri, plati-
nuin, silver, silicon bronze, glass, graphite, faolite, saran, rubbers;
4 - khasteiloy V, tantalum, platinum, silver, rlasc, graphite;
5 - khastelloy A and V, tantalum, silver, platintri, glass, graphite,
faolite, saran, rubbers.

All of the materials included In the table are arranged by groups In the

followinZ order:

Group I .- metallic alloys bas(ed on iron:

steels

carbon;

chrome, contn in I n' 13,' chro:iuw.q;
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Fig~. 18. Diagrami of the stability of materials in sulfuric acid, according
to the data of 0. A. N3lson (132)(the re-ions of stabIlity are
shaded):

1 - lead, khastelloy V and D, steels of the type 0Kh23N28113D3T, glass,
graphite, faol!te, rubbers (up to 770C), copper (in the absence of air),
mionel metal, aluminum bronzes; 2 - lead, silicon cast iron, khastelloy
V and D. steels of the type OKh23iJ28&:3D3T (up to 66'C), glass , graphite,
taolitc, rubbors (up to 77aC0, copper (in the absen~ce of air), monel
me~tal, alunilnum~ bronzes; 3 - leads, khastelloy V and D, stecels of tile
type 0.Kh2Ui281-:3iT3T (up t-o 660C), silicon cast Iron, tuonal natal (in the
absence of air), glas3, graphite; 4 - lead, steel, silicon cast iron,
khas:o-lloy V and D, steels of the type 0WKh28`2&3D3, -lass, graphite
(up to a concentration of 96A); 5 - silicon cast iro-i, khastelloy V and
D, lead (uip to 900C), steels or the type 01h23N231.313T (up to 66CC),
glass, graphite (u:) to F00 C and a concentration of 967.); 6 -steel,
khastelloy S. steels of rha types !&-S and OKMh2U~SZ*-3M3; 8 -silicon.
cast Iron, khastelloy V and D, glass; 9 - silicon cast Iron, glass;
10 - glass.

Group I (con't):

chrene, contninting 17-25' chroamitim;

chwm~e-nIckel, wIti. decrczsed nickcl content, type Kh2lNST;

chro-,"-nic',! of type 1KhlSIl0T;

chrm".-nickel, ev~ita inin- raolybe-ow~, typz Khl 7iR12,:2T;

chro~wtt-:c% eko , caont I ning rnlybd ~nvm' and copper, type 01,h2312 R1 3O)T;

cast I ron.;

gray;

Silicone



Group II -non-ferrous metals and alloys:

al1um I nm;

copper;

bronzes

aluminum;

tin;

brass;

nickel;

nickel-coppoor alloy (mnoril mevlcl);

nickel-molybdenun silloys of the type N7O>ý2 7;

lead;

silver;

titanium;

-Inc.

Group III - polymerization1 plastics:

polyisobutylene;

Polyethylene;

polypropylen2;

polystyrene;

polyf.,othylincrh~crylettc (or-anic Slan;s);

polyforlclehycie;

polytrifluorochlcoroethvlone (fluo~mplast-3);

polýLtrafltuoroe~thyloiw ýfluorzylcr-4);

Asbovilly1.

Grotip - polycooecnsatloi. pListics and resin~s:
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Group IV (can't):

polyester resins;

chlorinated polyester -- pentoplast;

polycarbonatcs;

phenoplasts

textolite;

faolitc;

arizamite plasters;

epoxide resins,

Group V - resins based on r.ubbers:

natural;

butediene-styrene;

butadlene-nitrl le;

butyl rubber;

polysulfide;

fluorinzted rubbers;

chlorosulfonated polycothyleno;

chloroprenc.

Group VI -colored-lacquer materials:

bakel1ite lacquers;

bituminous mastics anl lacquers;

perchiorovinyl lacquers and onamels.

Group VII *riaterialn at it-tar-anic orli~im:

natural acid-resistant iiaterfals;

acid-resis' it onain 'I;

porc~lAtn;
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Group VII (con't):

silicate cements, concretes, plasters.

Group VIII . other materials:

wood;

antegilte (graphitoplast);

impregnated graphite;

carbon.

Information on the corrosion-resistance of various materials is given in

the table for each particular aggressive medium, with an evaluation of the

stability at a given temperature or within a specified range of tempera.ures.

When there is no information on the stability of a par-icular material, its

nano Is omitted fro:ii the table.

The aggressive media are listed in alphabetical order. Inorganic media

are considered first, and then organic media.

Media for which there is only a small quantity of data on the stability

of materials are not considered separately. Data of this category are listed

under media of similar nature, with appropriate notations to this effect.

For salts, bases and acids there are entries which give the concentra-

tions of the saturated (T - 20C) aqueous solutions for which the data on

corrosion-resistance are valid.

In the absence of notes to the contrary, the stability rating applies to

any intermediate concentration within the limits indicated for the r."dlun in

question. For cases In which the corrosion-resistance of the raterlal is

strongly dependent on the concentratloit of the :ivdiun (acids, for example),

the concentration for which the data anply is given after the- nnn,. or fn

appropriate explanation is given in the reivirks.
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The oncntrtio ofa solution for which data on corrosion-resistance

are quoted may exceed the concentration indicated In the characteristics of

the medium; and likewise the temperature limit of utilization may be higher:

than the boilin.- point. This is the result of a change of conditions:

tonipcrature, pressure, etc.

In order to facilitate the location of salts in the table of corrosion.

resistance, their technical (international) nairn~s are given below:

- , .;yA ýeI' IIJKK kV AYHZP0OU!Oe)

AMoniwxc~ucreb..... MeNO.2  1jinrp1um I
A3Ooiucbr.........IMeNO3  1TPb

Bpo-,,aw .. c.. .. McBr Bpo!.u!,bt
By~OMOO;~1CJb~C........Me:Cr2Oi Eiu1X P0\1iati

Piojiicmie..........M l1OAjTW~
140'n....................."..IMe1o" I11O~Arw bi

Kpetileitcnie. u. . . . ....... MeO Cr-Imnbt MwTa I
Kpecen'pcp-'W..... . . . . IMi'-ýSi0F, 9)TOPCIMIa

lapra~mtoio~:iucabie .. .. ..... Me'%nO 4  1ep-,%ii.ra~aTam
Hla~cepnomicuc~e...... Me.S.0, UepCy'JIVbTbm -

Po~aiti~cmrw.. ........ MeNGS TitowIlmallaT
Ce..........Me . wSO3  Cy1.m1IPTbA 1I
CepINCTOZ ý;:l CAbIC K~iJb . l"I SHSO CYZýIm~
CepitnrLe.........Me's
Cep1j03aTjj-M:c~jcale . . .. Me~S.0 3 A 1' cyJ~mqHimi 1
CepaomIc~bl -. me..sO, (,.y.W~bflb

Cpiiiru xw-, M-iSd4  Bircy.11~AMm
YrawKIcniw . . ......... Me.CO. KaPGON;MI
Yrflenfcawhe ii-acw~e . eC6 . . 5w~p.6om3Tm
YKCYCHoK1c.,- ~de . Mie(CH.ICOO) Aue ~aTU

~)OCQpuidiCmbw.........MePO 4 00caTW
0TOPIxcmnc........j eF OTOPa!W
XJ4oPICTWCle. . ......... eC XJ1oplvbI

.rzopHIoeaT;1CT0Kuc~nwe . MeOCI riirooiopm. ' b
Xxoptiontiz ::icatbie.. . . . . . e.NC103  .0
X.1moP1;KZ1CJ1W........ mccio flePX4roP3Tbz /
X hit, ICe.........cCrO 4  Xpo,6ial't

kaewomiw...... Aic(GOQ)s Onca~aaTi

Naimiis of salts found in the table of the corrosion-resistancc of mnaterials.

Lesend for table (Translator's note; Only the Intornationcil iiauti's are trans-

lated, since m'ost of the. Russian n~w..,s have'ofQ other comuian eqtaivnlc.'Its):

I * IVitritt's; 2 -14'ftratis; 3 - ilro-mddcs; 4 - Dichro,ýkttes;

5 - lodick's; 6 -IodaLes; 7 - 1:etasiltcates; 8 - Fluo-,llcato.;
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9 - Pornmanganatus; 10 - Persulfates; 11 - Thlocyanates; 12 - Sulfites;

13 - Bisulfitos; 14 - Sulfides; 15 - Hyposulfites; 16 - Sulfates;

17 - Bisulfates; 18 - Carbonates; 19,- Bicarbonates; 20 - Acetates;

21 - Phosphates; 22 - Fluorides; 23 - Chlorides; 24 - Ilypochlorites;

25 - Chlorates; 26 . Perchlorates; 27 - Chromiates; 28 - Cyanlies;

29 - Oxalates.

For organic ?lodia tho characteristics are the melting point and boiling

point of the medium.

Information on the stability of materials is given for individual sub-

stances.

For organic acids which are soluble in vater, the stabilities of mater-

ials in aqueous solutions of these acids are listed.

When data on the corrosion-resistance of materials correspond to boiling

points (b. p.), they refer to tie boiling points of inorganic and organic

liquids or of aqueous solutions of Inorganic and organic compounds.

The following conventional syiwmbols have baen adopted for rating the

corrosion-resistance of nmterials:

D - completely stable;

X - stable;

O - slightly stable for metallic materials; relatively stable for other
vaterials;

H - unstable.

In addition, double sym)bols are encounterod in the ratingys of corrosion-

resistprice of raterials: for cxnj)cl, !;,N, B.X, X-O, etc. Tlh'so intdicrte

clunges of stability. The re.;u•on.; for thl chaitLes are .- von In the appropriate
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"Remarks" columns. When there are no remarks, the change of stability is

caused by an increase of temperature.

If a rating of B, X, 0 or HI is given in the "Stability" column and a

footnote to this column refers to a change of stability in relation to various

factors (temperature, concentration), this means that the change in the rate

of corrosion falls within the limits of the corresponding rating (for example,

0.1-I mm/yr for the rating X).

The corrosion-resistance of the materials of each group Is evaluated

differently.

Metals and alloys. Metals and alloys (groups I and II) are rated on a

i Pe-poln' scale of corrosion-resistance (see introduction), with the distinc-

tion that metals which corrode at rates greater than 3.0 mm/yr are referred to

one group instead of two and are rated as unstable, practically unsuitable for

use. This rating method agrees with data from the foreign reference litera-

ture on the corrosion-resistance of metals and alloys 1 0 2 , 1 1 19 1 2 8 ,1 3 2 and with

the raxinum allowable values of corrosion permeability which have been adopted

by the chemical industry7 7 (see table on page 9).

In the table below, the adopted systeen for rating the corrosion-resis.

tance of metals and alloys is conpared with the five-point and ten-point

scales.

Legend for table:

A . Adopted stability ritinn; ." - Rate of corrosion, rm/yr; C - Stabil-

ity group; V - Stability rating on five-point scale; E - Stability

rating on ten-point scale (GG:T 5272-50);

I - Coipletely stable (i1); 2 - Very stable (point 1); 3 - From complctnly
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stable to stable (points 1-5); 4 - Stable (X); 5 - Stable (point 2);

6 - Decreased stability (points 6,7); 7 - Slightly stable (0);

8 - Decreased stability (point 3); 9 - Slightly stable (point 8);

10 - Unstable (H); II - From slightly stable to unstable (points 4,5);

12 - From slightly stable to unstable (points 9,10).

OL&CeIIHa CTOINOCTrI n1o OClAI, iN CTOnKOCTII i10
cKopocm 1T~IIIrIUibI1 ACCn7~Th1i.!biio;1 wiican
gKOppO3iUi rpynnw CTORi(OCrii GI OCT 5272-50)

AtI/lodI

<0, I B•CO:;e' CTOKh~e Becb.Ma CTOlIuc OT COUCp-iC1I|1O
(B) (6a, 1) CTOiMIx Ao cC1i-14 (B : ,.X11x (O.nzu I-ý-5)

0,1--1 CToihile (X) CTofhiie (6.mu 2) Flon0iiewiiocCofiK11C
7 M(anjw 6,7)1--3 ,Xanoc uTo~ e kO) "n'o,,|;,c,,,); CT|mOC jO•jj 1111 OCTOiIMiCi (61Ma
!p" I (6ma, 3) ,.8)

>3 ecro0iie (1-1) UT MaOCTOfIiX A, O01" MMOa CO&uiXi AO
tiecTorfaix (6a•ru i1CCTO~fIKX (6iajlAW
4,5) 9,10)

Nonmetallic polyncric materials. In rating the corrosion-resistance of

nonmetallic polymeric materials (groups III, IV, V, VI), changes of mass or

volume under the influence of the aggressive ";odui are considered. Chan-es

of mechanical properties are also considered when data are available.

For rubbers, the change of elasticity after exposure to the aggressive

mcdium is also taken into consideration (if the relative elongation at rup.

ture amounts to less than 100/, the rubber is considered to be unstable In

the modium in question).

In evaluating the corrosion-resistance of nonmetn'llic materials of In.

organic origin and other swaterials (groups VII and VIII), the folloving

categories are used: st&ble (13 or X), relatively stable (0) and unstable (Hi).

This is dua [act that thi. evaluation of, for exarple, natural and silicate

materials Is ordinarily confined to the detor:Alnatlion of acid-res istance and
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water-absorbance. The limit of strength under compression or tension is

tested only for load-bearing structures, The acid-resistance of these mater-

lals should be at least 97-984.

In evaluating the chemical stability of enamel coatings, the loss of

mass in ng per cm2 of surface is considiered and external changes are also

noted (dullness, roughness).

The table on page Ill shows a comparison of th. qualitative ratings

(using the adopted symbols) of the corrosion-resistance of materials in the

various groups with the quantitative ratings or with the characteristics of

the surfaces (in the case of enamel coatings). There is also an indication

of the use of the materials In each category in relation to their corrosion-

resistance.

Legend for table:

A - Rating of co-*rosion-resistance; B - Metals (groups I, II);

C - Rate of corrosion, mm/yr; r - Use; E - Nonmetallic polyv~rIc

materials (groups III, IV, V, VI); F - Change of mass, %; G - Change

of strength, %; H - Nonmnetallic materials (groups VII, VIII);

I - Enamels; J - Silicate and other materials; K - Condition of sur-

face; L - Acid-resistance, %;

1 - For any apparatus or machinery; 2 - For equipracnt of shiiple con-

struction; 3 - Only for replaceable parts; 4 - For parts which are

changed frequently (after expcrit•intal testing); 5 - Decoinposýý unc'er

the influence of the mndlum and are unslutable for use; 6 -

7 - Slightly dull; 8 - Dull (rough); 9 - Decompose; 10 - Unl)--ted;

11 - Limited use (under certain conditionr); 12 - Aot rec!-,'hdc1!-d for

Use.
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